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Preface 


The H8/3042 Saies is a series of high-performance microcontrollers that integrate system 
supporting functions together with an HSySOOH CPU core. 

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. 

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(ITU), a programmable timing pattern controller (TPQ, a watchdog timer (WDT), a serial 
communication interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAQ, a refresh controller, and other facilities. 

The address space is divided into eight areas. The data bus width and access cycle length can be 
selected independently in each area, simplifying the connection of different types of memory. 
Seven operating modes (modes 1 to 7) are provided, offering a choice of initial data bus width and 
address space size. 

With these features, the H8/3042 Series can be used to implement compact, high-performance 
systems easily. 

This manual describes the hardware of the H8/3042 Series. For details of the instruction set, refer 
to the H8/300H Programming Manual. 
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Section 1 Overview 


1 


1.1 Overview 

The H8/3042 Series is a series of microcontrollers (MCUs) that integrate system supporting 
functions together with an H8/300H CPU core having an original Hitachi architecture. 

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. Its instruction set is upward-compatible at the object-code level with the H8/300 CPU, 
enabling easy pelting of software from the H8/3(X) Series. 

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(TTU), a programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial 
communication interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAQ, a refresh controller, and other facilities. 

The three members of the H8/3042 Series are the H8/3042, the H8/3041, and the H8/3040. The 
H8/3042 has 64 kbytes of ROM and 2 kbytes of RAM. The H8/3041 has 48 kbytes of ROM and 
2 kbytes of RAM. The H8/3040 has 32 kbytes of ROM and 2 kbytes of RAM. 

Seven MCU operating modes offer a choice of data bus width and address space size. The modes 
(modes 1 to 7) include two single-chip modes and five expanded modes. 

In addition to the masked-ROM versions of the H8/3042 Series, the H8/3042 has a ZTAT™* 
version with user-programmable on-chip PROM. This version enables users to respond quickly 
and flexibly to changing application specifications, growing production volumes, and other 
conditions. 

Table 1-1 summarizes the features of the H8/3042 Series. 

Note: * ZTAT (Zero Turn-Around Time) is a trademark of Hitachi, Ltd. 
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Table 1-1 Features 


Feature Description 
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Table 1-1 Features (cont) 
Feature Description 


Refresh 

controller 


DRAM refresh 

• Directly connectable to 16 -bit-wide DRAM 

• CAS-before-RAS refresh 

• Self-refresh mode selectable 

Pseudo-static RAM refresh 

• Self-refresh mode selectable 
Usable as an interval timer 
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Table 1*1 Features (cont) 


Feature 

Description 

Serial 

cx)mmunication 
interface (SCI), 

2 channels 

• Selection of asynchronous or synchronous mode 

• Full duplex: can transmit and receive simultaneously 

• On-chip baud-rate generator 

A/D converter 

• Resolution: 10 bits 

• Eight channels, with selection of single or scan mode 

• Variable analog conversion voltage range 

• Sample-and-hold function 

• Can be externally triggered 

D/A converter 

• Resolution: 8 bits 

• Two channels 

I/O ports 

• 70 input/output pins 

• 8 input-only pins 


Operating modes Seven MCU operating modes 


Mode 

Address 

Space 

Address 

Pins 

Initial Bus 

width 

Max. Bus 
Width 

Mode 1 

1 Mbyte 

A <|9 to Aq 

8 bits 

16 bits 

Mode 2 

1 Mbyte 

A -^9 to A() 

16 bits 

16 bits 

Mode 3 

16 Mbytes 

A 23 to A() 

8 bits 

16 bits . 

Mode 4 

16 Mbytes 

A 23 to Aq 

16 bits 

16 bits 

Mode 5 

1 Mbyte 

Ai 9 to Aq 

8 bits 

16 bits 

Mode 6 

64 kbytes 

— 

— 

— 

Mode? 

1 Mbyte 

—- 

— 

— 


Power-down 

state 

• Sleep mode 

• Software standby mode 

• Hardware standby mode 



Other features 

• On-chip clock oscillator 



Product lineup 

Model (5-V) Model (3-V) 

Package 

ROM 


HD6473042TF 

HD6473042VTF 

1 00-pin TQFP (TFP-100B) 

PROM 

HD6473042F 

HD6473042VF 

100 -pin QFP (FP-100B) 


HD6433042TF 

HD6433042VTF 

100-pin TQFP (TFP-100B) 

Masked RQM 

HD6433042F 

HD6433042VF 

100 -pin QFP (FP-100B) 


HD6433041TF 

HD6433041VTF 

100-pin TQFP (TFP-IOOB) 

Masked RQM 

HD6433041F 

HD6433041VF 

100-pin QFP (FP-100B) 


HD6433040TF 

HD6433040VTF 

100-pin TQFP (TFP-IOOB) 

Masked RQM 

HD6433040F 

HD6433040VF 

100-pin QFP (FP-IOOB) 











1.2 Block Diagram 

Figure 1-1 shows an internal block diagram. 
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Note: * H 8/3042 only. 


Figure 1-1 Block Diagram 
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1.3 Pin Description 

13.1 Pin Arrangement 

Figure 1-2 shows the pin arrangement of the H8/3042 Series. 
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lRQi^CKi/P95C 17 
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D3/P43C 




Top view 

(FP-100B. TFP- 1 XB) 
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68 DVCC 
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51 
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ID P53/A19 
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□ P5,/A,7 

□ P5o/A,6 

□ P27/A,5 

□ P26/Ai4 


< 




Figure 1-2 Pin Arrangement (FP-IOOB or TFP-IOOB, Top View) 
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13j2 Pin Functions 


Pin Assignments in Each Mode: Table 1-2 lists the pin assignments in each mode. 
Table 1-2 Pin Assignments in Each Mode (FP-IOOB or TFP-IOOB) 


RnNimt 


Ptoi 

Na 

Model 

Model 

Modes 

Mode4 

Modes 

Modes 

Mode? 

PROM Mode 

1 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Voc 

Vqc 

2 

PB#^Pam0CAj 

PBom»0/riocAs 

pflo/rp,mocAs 

PBo^P^IOCAj 

PBom^aH-IOCA, 

PBo^-PamOCAs 

PBBm>a/riOCAs 

NC 

3 

PBi/TPgmOCBj 

PB^/TP^n-IOCBi 

Pfl^/TPgmOCBs 

PB/TP^IOCBj 

PB,/rp/riXBs 

PBi/TPamOCBj 

PB,/rP^IOCBj 

NC 

4 

PBjn’Pia'TIOCAs 

PB2m>,,mocAi 

PBj/TP,0^100^4 

PB2^P^,^I0CA4 

PBjnp^omocAi 

PB2/rP,o/riOCA4 

PBam^io/noCAs 

NC 

S 


PBsm>i,/rioc84 

PB5/rPi^lOCB4 

PB,m>i,/T10CB» 

PBsm>„/rioc84 

P6}n’Pi/TIOCB4 

PBjm^^/nocB* 

NC 

6 

PB4/rp,2n’ocxA4 

PB4m>,2^0CXA4 

PBi4/rPi2n‘OCXA4 

PBe^P^j'^OCXA* 

PB4m>,2^0CXA4 

PB4/rp,2/rocxA4 

PB4m>i2'TOCXA4 

NC 

7 

PBsn'P^s^OCXB4 

pa5^i^ocxB4 

PB5/rPi5/raxB4 

PBs^P^j/TOCXR* 

PB5m»ij/rocxB4 

PB5^P,s/rOCXB4 

PB^,yTOCXB4 

NC 

8 

PBt/rPi4/o^ 

PBgm>i4/6^ 

PB|/rPu/DR^ 

PB,^P^4/6^ 

PBgm>i4/0REQ; 

PBg/TP^yORE^ 

PB^14/6REQ; 

NC 

9 

PBt/TPis/OREQ;/ 

PB7m>i5/OREQ;/ 

PB7/rPij/6R^/ 

PBt/TPis/DR^/ 

PSt^’P^s/O^/ 

PB7/rPi5/bREQ;/ 

PB7m»is/OREQ;/ 

NC 


XDTHS 

XDTR5 

XDTR5 

wms 

AblfRG 

ADTR5 

XDTR5 


10 


RE55 

fi[55 

WSQ 

RESO 

■R5Q 

RRO 

Vpp 

11 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

12 

P9|/TxO0 

P9o/rxDo 

P9on'x[)o 

P9o^xDft 

PSj/TxDj 

POoH’xDo 

PSj^xDo 

NC 

13 

P9,/TxDi 

P9^/TxD^ 

P9i/rxD, 

PO^/TxD^ 

P9,/rxDi 

P9^/TxD, 

P9,/rxD, 

NC 

14 

P92/RxOo 

P92mx0b 

PSjIUOo 

P92^RxO0 

POj/RxDo 

POj/RxDj 

PSj/RxDo 

NC 

15 

P9s/R*Di 

pg^/RxD, 

POj/RxD^ 

pgjffUD, 

P9s/RxD, 

P9j/RxD, 

P9yRxD, 

NC 

16 

P94/SCK0/iA(^ 

P94/sciviRCu 

P94/SCIVIR^ 

P94/SCKo/iRQ; 

P94/SCKo/iR3; 

P94/SCKo>fn3i 

P94/scivn525; 

NC 

17 


PSs/SCKi/lfiJ^ 

POj/SCK^/iRC^ 

P95/9CK,yfR?^ 

PSs/SCKiyiRO; 

PSs/SCKiOT; 

PSs^CKiylRO; 

NC 

18 

P4p/Oo*^ 

PV0,*2 

P4p/Oo*’ 

P4p/Oo*2 

P4oyDo*i 

P4o 

P4, 

NC 

19 

P4i/0i*1 

P4i/0,*2 

P4i/0i*1 

P4,/Di*2 

P4iyDi*i 

P<1 

P41 

NC 

20 

P42^*» 

PV02-2 


wyoj** 

PW 

P^ 

p^ 

NC 

21 

wyos*' 

PVD,-2 

PW' 


P4yOs*' 

P^ 

p^ 

NC 

22 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

23 

P44/04*1 

P44/04*2 

P44/04*^ 

P44/04*2 

P44yD4*i 

P44 

P<4 

NC 

24 

PVOj-’ 

P45/0^*2 

P4A*^ 

P45^*2 


P<5 

PS 

NC 

25 

P4ert)e*^ 

PVD*"® 

PVOt” 

P4A** 

PW' 

p^ 

p^ 

NC 

26 

PW’ 

PVO,*s 

P4y07*i 

P4yOj*2 

PAjlOj*^ 

P47 

P47 

NC 

27 

Pb 

Ds 

Da 

Pa 

Da 

P3o 

P3o 

EOo 

28 

Cb 

Da 

Da 


Da 

P3, 

P3i 

EOi 

29 

Dio 

Dio 

Dio 

Dio 

Dio 

P32 

P32 

EO2 

m 


D,i 

Dll 

Di, 

D,i 

P3s 

P3s 

EOs 

i 

iQiQiiiiniiiiiipm 

Di2 

Di2 

Di2 

Di2 

P34 

P34 

EO4 

32 

Dis 

Dis 

Dis 

Dis 

D,s 

P35 

P35 

EO 5 

33 

Di4 

Du 

Du 

Di4 

Du 

P3s 

P3s 

EOg 


Notes: 1. In modes 1,3, and 51heP4(| to P47funclionB of pins PVOg to P47A)7 vs selected after a rsset, but tiey can be changed by eoftwars. 

2. in modee 2 and 4 the 0^ to D 7 tonc(ions of pins P4 oA}q to P47A}7 are selected after a reset but tiey can be changed by soltMrara. 

3. Pins marked NC should be tell unconnected, 

4. For deteis about PROM mode see section 17.2, PROM Mode. 
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Table 1-2 Pin Assignments in Each Mode (FP-IOOB or TFP-IOOB) (cont) 


Pin 

Na 




Pin Name 




Model 

Moda2 

Modes 

Mode4 

Modes 

Model 

Mode7 

PROM Mode 

34 

D15 

Di5 

Dis 

Dis 

Dis 

P37 

P37 

EO7 

3S 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

36 


Ao 

A# 

As 

PVAo 

Pis 

PI, 

EA, 

37 

Ai 

Ai 

Ai 

Ai 

PiiyA, 

PI1 

PI1 

EAi 

38 

A2 

A2 

A2 

A2 

PVAj 

PI2 

PI2 

EAe 

39 

Aj 

As 

As 

As 

PVAs 

Pis 

Pis 

EAs 

40 

A* 

As 

A4 

A4 

PI4/A4 

P14 

PI4 

EAi 

41 

As 

As 

As 

As 

PVA, 

P15 

PI5 

EAs 

42 

A* 

A* 

As 

As 

PVA* 

Pis 

Pis 

EAs 

43 

A? 

A? 

A7 

A7 

PI7/A7 

P17 

P17 

EA7 

44 

V88 

Vss 

Ves 

Vee 

Vee 

Vee 

Vee 

Vee 

45 

Ae 

Ae 

Ae 

Ae 

PVAe 

P2s 

P2b 

EAe 

46 

Aa 

A# 

A9 

A9 

P21/A9 

P2l 

P2i 

OE 

47 

A10 

A10 

A10 

A10 

P22/A,0 

P22 

P22 

EA^o 

48 

All 

All 

All 

All 

P2s/Aii 

P2s 

P2s 

EA11 

49 

Ai 2 

Ai 2 

Ai 2 

Ai 2 

P24/A12 

P24 

1% 

EA12 

50 

Ais 

Ais 

Ais 

Ais 

P^Ais 

P25 

PSs 

EAis 

51 

Ai4 

Au 

Ai4 

Ai4 

PVAi4 

P2s 

P2s 

EAi4 

52 

Ais 

Ais 

Ais 

Ais 

P27/A,5 

P27 

P27 

5E 

S3 

Ais 

Ais 

Ais 

Ais 

P^Ais 

PSs 

P5o 

Vcc 

54 

Ai7 

Ai7 

Ai7 

Ai7 

P5i/Ai7 

P5i 

P5i 

Vcc 

55 

Aie 

Ai 8 

Ais 

Aia 

PVAie 

P52 

P52 

NO 

56 

Ai9 

Ai9 

Ai9 

Ai9 

PVA19 

P5s 

P5s 

NO 

57 

Vm 

Vee 

Vee 

Vee 

Vee 

Vee 

Vee 

Vee 

58 

PBo/WHT 

P6oMfr 

PSq/^ 

P6j^ 

PSo^OTT 

P60 

P6, 

EAi5 

59 

P6,/5RR5 

P6 i«REQ 

PBi^BREQ 

P6i/BRS3 

P61/BREQ 

P6, 

P61 

NC 

60 

PBg/BACR 

PSp^SCR 

P62^5SCi? 

PSg/BXCi? 


P®2 

P% 

NO 

61 

e 

a 

a 

i 

e 

e 

e 

NC 

62 

STB? 

BTB? 


5TB? 

5TB? 

5TB? 

5TB? 

Vee 

63 

SBS 

T?E5 

■RR 

■R5 

WS 


WS 

NC 

64 

NMt 

NMi 

NMI 

NMI 

NMi 

NMI 

NMI 

EA9 

65 

Vss 

Vse 

Vee 

Vee 

Vee 

Vee 

Vee 

Vee 

66 

EXTAL 

EXTAL 

EXTAL 

EXTAL 

EXTAL 

EXTAL 

EXTAL 

NC 

67 

XTAL 

XTAL 

XTAL 

XTAL 

XTAL 

XTAL 

XTAL 

NC 

68 

?CC 

Vcc 

Vcc 

Vcc 

Va 

Vcc 

Vcc 

Vcc 

69 

JS 

JS 



JS 

P6s 

P6s 

NC 

70 

m 

m 

m 

■RD 

m 

P64 

P64 

NC 


Notes; 1. in modes 1,3. and 5 the P4 q to P47 functions of pins FVCg to P47^ are eeiectod after s reset, but Ihey can be changed by software. 

2. In modes 2 and 4 the 0^ to D7 functions of pins P4o/Do to P47/D7 are eeiecisd after a reset, but tiay can be changed by software. 

3. Pins marked NC should be left unconnected. 

4. Fa detels about PROM mode see section 17.2, PROM Mode. 
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Table 1-2 Pin Assignments in Each Mode (FP-IOOB or TFP-IOOB) (cont) 


nnNuw 


Na 

Modal 

Modal 

Modal 

Modai 

ModaS 

Moda6 

Moda? 

PROMModa 

71 

MR 

MR 

MR 

MR 

MR 

P% 

P65 

NC 

72 


IWR 


IWR 


P6s 

P6g 

NC 

73 

MOg 

MOg 

MOg 

MCb 

MOg 

MOg 

MOg 

Vaa 

74 

MO, 

MD, 

MO, 

MO, 

MO, 

MO, 

MO, 

Vaa 

75 

MO2 

MO, 

MO, 

MO, 

MO, 

MO, 

MD^ 

Vaa 

78 

AVcc 

AVoc 

AVoc 

AVcc 

AVcc 


AVcc 

Vcc 

77 

'^REF 

Vref 

Vrb^ 

Vref 

Vref 

Vf» 

Vref 

Vcc 

78 

P7o/A>^ 

P7g/ANg 

P7gfANg 

P7g/ANg 

P7g/AN8 

P7g/ANg 

PTg/ANg 

NC 

79 

P7yAN, 

P7,/AN, 

P7,/AN, 

P7VAN, 

P7,iAN, 

P7yAN, 

P7,/AN, 

NC 

80 

P72/AN2 

P7yAN2 

PT^AN, 

P7yAN2 

P7,/AN2 

P7yAN2 

P7,/AN2 

NC 

81 

P7yANg 

P7yAN, 

PTjfANg 

P7yANg 

P7,fANs 

PT^AHi 

P^yANg 

NC 

82 

P7VAH4 

P74/AN4 

P7/AN4 

P74/AN4 

P74/AN4 

P74/AN4 

P74/AN4 

NC 

83 

P75^AN5 

P75^AN5 

P7sfAN5 

P75fAN5 

P7s/AN5 

P7s/ANs 

PTslANs 

NC 

84 

P7gfArVOAo 

P7g/ANgA)Ao 

P76fANg/OAo 

P7gfANg/DAg 

P7g/ANg^Ao 

P7g/ANgfDAQ 

P7a/ANg4DAg 

NC 

85 

P7j/AHj/DA^ 

FTj/ANj^^ 

P77/AN7/DA, 

P7j/AHjm^ 

PTt/ANtADA, 

PTt/ANt/DA, 

PJj/ANjXiA^ 

NC 

86 

AVae 

AVsa 

AVaa 

AVaa 

AVaa 

AVaa 

AVaa 

Vaa 

87 

P8yRPSR4l^ 

P8o/RrSH/ff^ 

PSgfRFSfWRiS; 

PBg/RRFWRO; 

P8g^5r§R/lTK5 

P8g4RQ; 

psf/mi 

EAia 

88 

P8,/CSa/tRQ, 

P8,/CSg/fRS^ 

P8,ycsyiRZ5; 

P8,/CSg/lRQ, 

PSiyCSj/iRQ^ 

PSiyiRS; 

PSi/iRO; 

PGM 

89 


Pb^/^^i/IR^ 

P82/CS2/IRO2 

PByC^RO, 

P8,^'R5 

P8,4R(5 

PSjiR^ 

NC 

90 


P8g/CS^y|ROg 

P8yC5^rtR5 

PBg/CS^/iROg 

PSg^/iRQ; 

pmrs; 

PByiR^ 

NC 

91 

PSi/GSi 

P84/CSg 

PSt/^ 

P84/?SJ 

P84^ 

P84 

P84 

NC 

92 

Vss 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

Vaa 

93 

RVTPo'TBiD^ 

FVI’Po'TERIV 

PAgm^g/lOTV 


fV^Pg/TEfflV 

fVrPo^rENlV 

PAo/rPg^TERTV 

NC 


TCLKA 

TCLKA 

TCLKA 

TCLKA 

TCLKA 

TCLKA 

TCLKA 


94 

PA^fTPi/WiDi/ 

RA,/rPi/fEND;/ 

Rlk,/TPi/fEND;/ 

PA,/rp,/flND;/ 

PAi/rP,/fEND;/ 

PA,/rp,/f0iD;/ 

PA,/TP,/TEND,/ 

NC 


TCLKB 

TCLKB 

TCLKB 

TCLKB 

TCLKB 

TCLKB 

TCLKB 


95 

FVTPj^lOCAy 

PAj/rPjmOCAg/ 

f^2np,/riocAof 

PA,m>2^IOCAy 

FV^PjmOCAg/ 

PAjm^j/nocAgf 

PA2/rP2mOCAg/ 

NC 


TCLKC 

TCLKC 

TCLKC 

TCLKC 

TCLKC 

TCLKC 

TCLKC 


96 

WksTTPaH-IOCBof 

Rks/rPjmocBo/ 

Wsm>sn-|OCBy 

fVTPj^OCBg/ 

PAj/TPamOCBo/ 

RA,rrPs/nocBo/ 

PAs/TPjmOCBgf 

NC 


TCLKD 

TCLKD 

TCLKD 

TCLKO 

TCLKD 

TCLKD 

TCLKD 


97 

fVTP/riocA, 

RA4/rP4/nocA, 

fVrP4/riocA,/ 

RA,/rP4/riOCAi/ 

wv4/rP4/nocA, 

fV^Ps/riocA, 

PA4/rP4/nocA, 

NC 




A 2 S 

An 





98 

fV^Ps^lOCB, 

FV^PsmOCB, 

PAsm^j/riocB,/ 

PAjm^s^lOCB,/ 

PAg/TPs/nOCB, 

RAsm^s/riocB, 

PAs/TPs/nOCB, 

NC 




A22 

Aa 





99 

RVTPa^lOCAj 

RV^Pe^OCA, 

FVn>gRIOCA,f 

Fvn*fn’iocA2/ 

PAg/TPg/nOCA, 

PAgn’Pg/nOCA, 

PAg/rPgmOCA, 

NC 




A21 

Azi 





too 

RA/TP/riOCBs 

wk7/rpynocB2 

PA7/TP7/riOCBaf 

RA7/rp,/riocB2/ 

Wy/TPy/nOCB, 

PA/TPj/TKKBi 

PA7/rP7A10CB2 

NC 




Aa 

Am 






Noles; 1. In modes 1.3. artd 5ttw P4 q to P47 functione of pine P4o4)o to Pij/Dj are aelecled after a reset, but tiey can be changed by software. 

2. In modes 2 and 4 the 0^ to D7 functions of pine P4g/DQ to P4j/Dj are seiectod aftor a reset, but tiey can be changed by software. 

3. Pins marked NC should be left unoonnectod. 

4. For detols about PROM mode see section 17.^ PROM Mode. 
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1.4 Pin Functions 


Table 1-3 summarizes the pin functions. 
Table 1-3 Pin Functions 


Type 

Symbol 

Pin No. 

I/O 

Name and Function 

Power 

Vcc 

1 . 35 . 68 

Input 

Power: For connection to the power supply 
(+5 V). Connect ail Vcc ^ ih® +5-V system 

power supply. 


Vss 

11 . 22 . 44. 
57. 65. 92 

Input 

Ground: For connection to ground (0 V). 
Connect ail Vss P^ lo 0-V system power 
supply. 

Clock 

XTAL 

67 

Input 

For connection to a crystal resonator. 

For examples of crystal resonator and external 
clock input, see section 18, Clock Oscillator. 


EXTAL 

66 

Input 

For connection to a crystal resonator or input of 
an external clock signal. For examples of 
crystal resonator and external cloc^ input, see 
section 18, Clock Pulse Generator. 


0 61 Output System clock: Supplies the system clock to 

external devices 


Operating MD 2 to MDq 75 to 73 Input Mode 2 to mode 0: For setting the operating 
mode control mode, as follows. Inputs at these pins must not 

be changed during operation. 

MD2 MD) MDq Operating Mode 


0 

0 

0 

— 

0 

0 

1 

Mode 1 

0 

1 

0 

Mode 2 

0 

1 

1 

Modes 

1 

0 

0 

Mode 4 

1 

0 

1 

Mode 5 

1 

1 

0 

Mode 6 

1 

1 

1 

Mode 7 


10 







Table 1>3 Pin Functions (cont) 


Typo 

Symbol 

Pin No. 

I/O 

Name and Function 

System control 

RE§ 

63 

Input 

Reset Input: When driven low. this pin resets 
the chip 


RESO 

10 

Output 

Reset output: Outputs a reset signal to 
external devices 


STBY 

62 

input 

Standby: When driven low, this pin forces 
a transition to hardware standby mode 


BREQ 

59 

Input 

Bus request: Used by an external bus master 
to request the bus right 


BACK 

60 

Output 

Bus request acknowledge: Indicates that the 
bus has been granted to an external bus 
master 

Interrupts 

NMI 

64 

Input 

Nonmaskable interrupt: Requests a 
nonmaskable interrupt 


IRQ 5 to 
IRQo 

17.16. 

90 to 87 

Input 

interrupt request 5 to 0 : Maskable interrupt 
request pins 

Address bus 

A 23 to Aq 

97 to 100, 
56 to 45. 
43 to 36 

Output 

Address bus: Outputs address signals 

Data bus 

D -15 to Dq 

34 to 23 

21 to 18 

Input/ 

output 

Data bus: Bidirectional data bus 

Bus control 

CS 3 to CSq 

88 to 91 

Output 

Chip select: Select signals for areas 3 to 0 



69 

Output 

Address strobe: Goes low to indicate valid 
address output on the address bus 


RD 

70 

Output 

Read: Goes low to indicate reading from the 
external address space 


HWR 

71 

Output 

High write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the upper data bus (D^s to Dq), 


LWR 

72 

Output 

Low write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the lower data bus (Dy to Dq). 


WAIT 

58 

Input 

Walt: Requests insertion of wait states in bus 
cycles during access to the external address 
space 
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Table 1-3 Pin Functions (cont) 


Type 

Symbol 

Pin No. 

I/O 

Name and Function 

Refresh 

controller 

RFSH 

87 

Output 

Refresh: Indicates a refresh cycle 



88 

Output 

Row address strobe RAS: Row address 
strobe signal for DRAM connected to area 3 


RD 

70 

Output 

Column address strobe CAS: Column 
address strobe signal for bit DRAM connected 
to area 3; used with 2WE DRAM. 

Write enable: Write enable signal for DRAM 
connected to area 3; used with 2 CAS DRAM. 


HWR 

71 

Output 

Upper write: Write enable signal for DRAM 
connected to area 3 ; used with 2WE DRAM. 

Upper column address strobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 


LWR 

72 

Output 

Lower write: Write enable signal for DRAM 
connected to area 3; used with 2WE DRAM. 

Lower column address strobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 

DMA 

controller 

(DMAC) 

DREQi, 

DREQo 

9.8 

input 

DMA request 1 and 0 : DMAC activation 
requests 

TEND,, 

TENDo 

94,93 

Output 

Transfer end 1 and 0: These signals indicate 
that the DMAC has ended a data transfer 

16-bit 

integrated 

TCLKD to 
TCLKA 

96 to 93 

Input 

Clock Input D to A: External clock inputs 

timer-unit 

(ITU) 

TIOCA 4 to 

4, 2, 99, 

Input/ 

Input capture/output compare A4 to AO: 

TIOCAo 

97,95 

output 

GRA4 to GRAO output compare or input 
capture, or PWM output 


TIOCB 4 to 

5, 3,100, 

Input/ 

Input capture/output compare B4 to BO: 


TIOCBo 

98, 96 

output 

GRB4 to GRBO output compare or input 
capture, or PWM output 


T(X:XA 4 

6 

Output 

Output compare XA4: PWM output 


TOCXB 4 

7 

Output 

Output compare XB4: PWM output 
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Table 1-3 Pin Functions (cont) 


Typo 

Symbol 

Pin No. 

I/O 

Name and Function 

Programmable 
timing pattern 
controller (TPC) 

TPisto 

TPo 

9to2 

100 to 93 

Output 

TPC output 15 to 0: Pulse output 

Serial com¬ 
munication 
interface (SCI) 

TxDi. 

TxDo 

13.12 

Output 

Transmit data (channels 0 and 1): SCI data 
output 

RxDi. 

RxDo 

15,14 

Input 

Receive data (channels 0 and 1): SCI data 
input 


o o 

CO CO 

17,16 

Input/ 

output 

Serial clock (channels 0 and 1): SCI clock 
input/output 

A/D converter 

AN7toANo 

85 to 78 

Input 

Analog 7 to 0: Analog input pins 


ADTRG 

9 

Input 

A/D trigger: External trigger input for starting 
A/D conversion 

D/A converter 

DAj, DAq 

85. 84 

Output 

Analog output: Analog output from the 

D/A converter 

A/D and D/A 
converters 

1 

o 

76 

Input 

Power supply pin for the A/D anci 

D/A converters. Connect to the system power 
supply (+5 V) when not using the A/D and 

D/A converters. 


AVss 

86 

input 

Ground pin for the A/D and D/A converters. 
Connect to system ground (0 V) when not 
using the A/D and D/A converters. 


Vref 

77 

Input 

Reference voltage input pin for the A/D and 

D/A converters. Connect to the system power 
supply (-hS V) when not using the A/D and 

D/A converters. 

I/O ports 

Pl7tO PIq 

43 to 36 

Input/ 

output 

Port 1: Eight input/output pins. The direction of 
each pin can be selected in the port 1 data 
direction register (PI DDR). 


P 27 to P2o 

52 to 45 

Input/ 

output 

Port 2: Eight input/output pins. The direction of 
each pin can be selected in the port 2 data 
direction register (P2DDR). 


P3y to P3 q 

34 to 27 

Input/ 

output 

Port 3: Eight input/output pins. The direction of 
each pin can be selected in the port 3 data 
direction register (P3DDR). 


P 47 to P4() 

26 to 23 

21 to 18 

Input/ 

output 

Port 4: Eight input/output pins. The 
direction of each pin can be selected in the port 
4 data direction register (P4DDR). 


13 









Table 1-3 Pin Functions (cont) 


lyp® 

Symbol 

Pin No. 

I/O 

Name and Function 

I/O ports 

P 53 to P5 q 

56 to 53 

Input/ 

output 

Port 5: Four input/output pins. The direction of 
each pin can be selected in the port 5 data 
direction register (P5DDR). 


P 6 e to P 6 q 

72 to 69 

60 to 58 

Input/ 

output 

Port 6 : Seven input/output pins. The direction 
of each pin can be selected in the port 6 data 
direction register (P 6 DDR). 


P77toP7o 

85 to 78 

input 

Port 7: Eight input pins 


P 84 to P 8 q 

91 to 87 

Input/ 

output 

Port 8 : Five input/output pins. The direction of 
each pin can be selected in the port 8 data 
directbn register (P 8 DDR). 


P 95 to P9 q 

17to12 

Input/ 

output 

Port 9: Six input/output pins. The direction of 
each pin can be selected in the port 9 data 
direction register (P9DDR). 


PAy to P/Vo 

100 to 93 

Input/ 

output 

Port A: Eight input/output pins. The direction of 
each pin can be selected in the port A data 
direction register (PADDR). 


PB 7 to PBq 

9to2 

Input/ 

output 

Port B: Eight input/output pins. The direction of 
each pin can be selected in the port B data 
direction register (PBDDR). 
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Section 2 CPU 


2.1 Overview 

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that 
is tq>ward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general 
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control. 



2.1.1 Features 


The H8/3(X)H CPU has the following features. 

• Upward compatibility with H8/300 CPU 
Can execute H8/300 Series object programs 

• Genoal-register architecture 

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers) 

• Sixty-two basic instructions 

— 8/16/32-bit arithmetic and logic instructions 

— Multiply and divide instructions 

— Powerful bit-manipulation instructions 

• Eight addressing modes 

— Register direct [Rn] 

— Register indirect [@ERn] 

— Register indirect with displacement [@(d:16, ERn) or @(d:24, ERn)] 

— Register indirect with post-increment or pre-decrement [(3)ERn+ or @-ERn] 

— Absolute address [@aa:8, @aa: 16, or @aa:24] 

— Immediate [#xx:8, #xx:16, or #xx:32] 

— Program-counter relative [@{d:8, PC) or @(d:16, PC)] 

— Memory indirect [@@aa:8] 

• 16-Mbyte linear address space 
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High-Speed operation 


— All frequently-used instructions execute in two to four states 

— Maximum clock frequency: 16 MHz 

— 8/16/32-bit register-registCT add/subtract: 125 ns 

— 8 X 8-bit register-registCT multiply: 875 ns 

— 16 +8-bit register-register divide: 875 ns 

— 16 X 16-bit register-register multiply: 1.375 |JS 

— 32 + 16-bit register-register divide: 1.375 ps 

• Two CPU operating modes 

— Normal mode 

— Advanced mode 

• Low-power mode 

Transition to power-down state by SLEEP instruction 
2.1.2 Differences from H8/300 CPU 

In comparison to the H8/3(X) CPU, the H8/300H has the following enhancements. 

• More general registers 

Eight 16-bit registers have been added. 

• Expanded address space 

— Advanced mode supports a maximum 16-Mbyte address space. 

— Normal mode sup^rts the same 64-kbyte address space as the H8/3(X) CPU. 

• Enhanced addressing 

The addressing modes have been enhanced to make effective use of the 16-Mbyte address 
space. 

• Enhanced instructions 

— Data transfer, arithmetic, and logic instructions can op^te on 32-bit data. 

— Signed multiply/divide instructions and oth^ instructions have been added. 
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2*2 CPU Operating Modes 


The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a 
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2-1. 



Maximum 64 kbytes, program 
and data areas combined 


Maximum 16 Mbytes, program 
and data areas combined 


Figure 2-1 CPU Operating Modes 
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2.3 Address Space 


Figure 2-2 shows a simple memory map for the H8/3042 Series. The H8/3(X)H CPU can address a 
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytes in 
advanced mode. For further details see sectitm 3.6, Memcay Map in Each Operating Mode. 


The 1-Mbyte operating modes use 20-bit addressing. The upp^ 4 bits of effective addresses are 
ignored. 


H’OOOO 

H’FFFF 


H’OOOOO 


H'FFFFF 


H’OOOOOO 


H’FFFFFF 


Normal mode 


a. 1-Mbyte mode b. 16-Mbyte mode 

V-^-/ 

Advanced mode 


Figure 2-2 Memory Map 





2.4 Register Configuration 

2.4.1 Overview 

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers: 
general registers and control registers. 


General Registers (ERn) 


15 0 7 0 7 0 

ERO 
ER1 
ER2 
ER3 
ER4 
ER5 
ER6 
ER7 


EO 

ROH 

ROL 

El 

R1H 

R1L 

E2 

R2H 

R2L 

E3 

R3H 

R3L 

E4 

R4H 

R4L 

E5 

R5H 

R5L 

E6 

R6H 

R6L 

E7 (SP) R7H 

R7L 


Control Registers (CR) 



Legend 

SP: Stack pointer 

PC: Program counter 

CCR: Condition code register 

I: Interrupt mask bit 

Ul: User bit or interrupt mask bit 

H: Half-carry flag 

U: User bit 

N: Negative flag 

Z: Zero flag 

V: Overflow flag 

C: Carry flag 


Figure 2-3 CPU Registers 
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2 . 4.2 General Registers 


The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally 
alike and can be used without distinction between data registoa and address registers. When a 
general regist^ is used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. 
When the genoal registers are used as 32-bit registers or as address registers, they are designated 
by the lettos ER (ERO to ER7). 

The ER registos divide into 16-bit general registers designated by the letters E (EO to E7) and R 
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit 
registCTs. The E registers (EO to E7) are also refaied to as extraded registers. 

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and 
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit 
registers. 


Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected 
independently. 



Figure 2-4 Usage of General Registers 
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General register ER7 has the function of stack pointer (SP) in addition to its general-regist^ 
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the 
stack. 


SP (ER7)- 




Free area 



Stack area 










Figure2-5 Stack 


2.4 J Control Registers 

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register 
(CCR). 

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU 
wUl execute. The length of all CPU instructions is 2 bytes (one word) or a multiple of 2 bytes, so 
the least significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is 
regarded as 0. 

Condition Code Register (CCR): This 8-bit register contains internal CPU status information, 
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and 
carry (C) flags. 

Bit 7—^Interrupt Mask Bit (I): Masks interrupts other than NMl when set to 1. NMI is accepted 
regardless of the 1 bit setting. The I bit is set to 1 at the start of an exception-handling sequence. 

Bit 6—User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the 
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask 
bit For details see section 5, Interrupt Controller. 
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, orNEG.B 
instruction is executed, this flag is set U) 1 if there is a carry or borrow at bit 3, and cleared to 0 
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is 
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADDI., 
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or 
borrow at bit 27, and cleared to 0 otherwise. 

Bit 4—User Bit (U); Can be written and read by software using the LDC, STC, ANDC, ORC, 
and XORC instructions. 

Bit 3—Negative Flag (N): Indicates the most signiHcant bit (sign bit) of data. 

Bit 2—^Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data. 

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other 
times. 

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by: 

• Add instriKtions, to indicate a carry 

• Subtract instructions, to indicate a borrow 

• Shift and rotate instructions, to store the value shifted out of the end bit 

The carry flag is also used as a bit accumulator by bit manipulation instructions. 

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC, 
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional 
branch (Bcc) instructions. 

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the I and 
UI bits, see section 5, Interrupt Controller. 

2.4.4 Initial CPU Register Values 

In reset exception handling, PC is initialized to a value loaded from the vector table, and the I bit 
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular, 
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an 
MOV.L instnK:don executed immediately after a reset. 
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2.5 Data Formats 

The H8/3(X)H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = 0,1, 
2,..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as 
two digits of 4-bit BCD data. 

2.5.1 General Register Data Formats 

Figures 2-6 and 2-7 show the data formats in general registers. 


General 

Data Type Register 

1-bit data RnH 

1-bit data RnL 

4-bit BCD data RnH 

4-bit BCD data RnL 

Byte data RnH 

Byte data RnL 


Data Format 



MSB LSB 


Figure 2-6 General Register Data Formats (1) 
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General 

Data Type Register Data Format 


Word data Rn 


Word data En 


Longword data ERn 



MSB LSB 


Legend 

ERn: General register 
En: General register E 
Rn: General register R 
RnH: General register RH 
RnL: General register RL 
MSB: Most significant bit 
LSB: Least significant bit 


Figure 2-7 General Register Data Formats (2) 


2,5.2 Memory Data Formats 


Figure 2-8 shows the data formats on memory. The H8/3(X)H CPU can access word data and 
longword data on memory, but word or longword data must begin at an even address. If an 
attempt is made to access word or longword data at an odd address, no address error occurs but 
the least significant bit of the address is regarded as 0, so the access starts at the preceding 
address. This also applies to instruction fetches. 
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Data Type 

Address 

1 -bit data 

Address L 

Byte data 

Address L 

Word data 

Address 2M 

Address 2M -i-1 

Longword data 

Address 2N 

Address 2N + 1 

Address 2N + 2 

Address 2N + 3 


Data Format 



Figure 2-8 Memory Data Formats 


When ER7 (SP) is used as an address register to access the stack, the operand size should be word 
size or longword size. 
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2.6 Instruction Set 

2.6.1 Instruction Set Overview 


The H8/300H CPU has 62 types of instructions, which are classified in table 2-1. 
Table 2-1 Instruction CiassiHcation 


Function 

instruction 

Types 

Data transfer 

MOV, PUSH*1. POP*i, MOVTPE*2, MOVFPE’Z 

3 

Arithmetic operations 

ADD, SUB. ADDX. SUBX, INC. DEC. ADDS. SUBS. DAA, DAS. 
MULXU. MULXS. DIVXU, DIVXS. CMP, NEG, EXTS. EXTU 

18 

Logic operations 

AND. OR. XOR, NOT 

4 

Shift operations 

SHAL. SHAR, SHLL. SHLR, ROTL, ROTR, ROTXL, ROTXR 

8 

Bit manipulation 

BSET. BCLR. BNOT. BTST. BAND. BIAND, BOR, BIOR, BXOR, 
BIXOR, BLD, BILD, BST, BIST 

14 

Branch 

Bcc*3, JMP, BSR, JSR, RTS 

5 

System control 

TRAPA, RTE, SLEEP. LDC. STC. ANDC. ORC, XORC, NOP 

9 

Block data transfer 

EEPMOV 

1 


Total 62 types 


Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn. 

PUSH.W Rn is identical to MOV.W Rn. @-SP. 
POP.L ERn is identical to MOV.L @SP+, Rn. 
PUSH.L ERn is identical to MOV.L Rn, @-SP. 

2. Not available in the H8/3042 Series. 

3. Bcc is a generic branching instruction. 
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2 . 6 ^ Instructions and Addressing Modes 

Table 2-2 indicates the instructions available in the H8/3(X)H CPU. 

Table 2-2 Instructions and Addressing Modes 


Addressing Modes 


Function 

Instruction 

«xx 

Rn 

& 

(d: 16 , 
€>ERn ERn) 

& 

(d:24, €€RnW 

ERn) ^ERn aa:8 

& 

sa:16 

aa:24 

(S> 

(d:8. 

PC) 

(d:16. && 
PC) aa:8 


Data 

MOV 

BWL 

BWL 

BWL 

BWL 

BWL 

BWL 

B 

BWL 

BWL 

— 

— 

— 

— 

transfer 

POP. PUSH 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

WL 


MOVFPE, 

MOVTPE 

— 

— 

— 

— 

— 

— 

— 

B 

— 

— 

— 

— 

— 

Arithmetic 

ADD. CMP 

BWL 

BWL 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

operations 3^3 

WL 

BWL 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


ADDX, SUBX 

B 

B 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


ADDS. SUBS 

— 

L 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 



INC. DEC 

— 

BWL 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


DAA. DAS 

— 

B 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


MULXU, 

MULXS. 

DIVXU. 

DIVXS 


BW 













NEG 

— 

BWL 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 


EXTU,EXTS 

— 

WL 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

Logic 

AND, OR. 

BWL 

BWL 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

operations XOR 















NOT 

— 

BWL 

— 


— 

— 

— 

— 


— 

— 

— 


Shift instructions 

— 

BWL 

— 

— 

— 

— 

— 

— 

__ 

— 

— 

— 

— 

Bit manipulation 

— 

B 

B 

— 

— 

— 

B 

— 

— 

— 

— 

— 

— 

Branch 

Bcc. BSR 

-- 

— 

— 

— 

— 

— 

— 

— 

— 

0 

0 

— 

— 


JMP.JSR 


— 

0 

— 


— 


— 

0 

— 

— 

0 



RTS 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

System 

TRAPA 


— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

control 

RTE 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 


SLEEP 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 


LDC 

B 

B 

W 

W 

W 

W 

— 

W 

W 

— 

— 

— 

— 


STC 

— 

B 

W 

w 

W 

w 

— 

W 

W 

— 

— 

— 

— 


ANDC.ORC, 

XORC 

B 

— 


— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


NOP 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

Block data transfer 

— 

— 

— 

— 

— 

-- 

— 

— 

— 

— 

— 

-* 

BW 


Legend 
B: Byte 
W: Word 


L: Longword 
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2.6 J Tables of Instructions Classified by Function 

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation 
used in these tables is defined next. 


Operation Notation 


Rd 

General register (destination)* 


General register (source)* 


General register* 


General register (32-bit register or address register) 

(EAd) 

Destination operand 

(EAs) 

Source operand 

CCR 

Condition code register 

N 

N (negative) flag of CCR 

Z 

Z (zero) flag of CCR 

V 

V (overflow) flag of CCR 


C (carry) flag of CCR 


Program counter 


Stack pointer 

iJQQHIIII^ 

Immediate data 


Displacement 

+ 

Addition 

- 

Subtraction 

X 

Multiplication 

+ 

Division 

A 

AND logical 

V 

OR logical 

0 

Exclusive OR logical 


Move 

—1 

NOT (logical complement) 

:3/:8/:16/:24 

3-, 8-, 16-, or 24-bit length 


Note: ♦ General registers include 8-blt registers (ROH to R7H. ROL to R7L), 16-bit registers (RO to 
R7, EO to E7), and 32-bit data or address registers (ERO to ER7). 
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Table 2-3 Data Tk-ansfer Instructions 


instruction 

Size* 

Function 

MOV 

B/W/L 

(EAs)-^Rd. Rs-4(EAd) 

Moves data between two general registers or between a general register 
and memory, or moves immediate data to a general register. 

MOVFPE 

B 

(EAs) -»Rd 

Cannot be used in the H8/3042 Series. 

MOVTPE 

B 

Rs -4 (EAs) 

Cannot be used in the H8/3042 Series. 

POP 

W/L 

@SP+ -4 Rn 

Pops a general register from the stack. POP.W Rn is identical to MOV.W 
@SP+. Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn. 

PUSH 

W/L 

Rn @-SP 

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W 
Rn, @-SP. Similarly, PUSH.L ERn Is Identical to MOV.L ERn, @-SP. 


Note: * Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 








Table 2-4 Arithmetic Operation Instructions 


Instruction 

Size* 

Function 

ADD, 

SUB 

B/W/L 

Rd ± Rs Rd. Rd ± #IMM Rd 

Performs addition or subtraction on data in two general registers, or on 
immediate data and data in a general register. (Immediate byte data cannot 
be subtracted from data in a general register. Use the SUBX or ADD 
instruction.) 

ADDX, 

SUBX 

B 

Rd ± Rs ± C Rd, Rd ± #1MM ± C Rd 

Performs addition or subtraction with carry or borrow on data in two general 
registers, or on immediate data and data in a general register. 

INC, 

DEC 

B/W/L 

Rd ± 1 Rd, Rd ± 2 Rd 

Increments or decrements a general register by 1 or 2. (Byte operands can 
be incremented or decremented by 1 only.) 

ADDS, 

SUBS 

L 

Rd ± 1 Rd, Rd ± 2 -» Rd, Rd ± 4 -» Rd 

Adds or subtracts the value 1,2, or 4 to or from data in a 32-bit register. 

DAA, 

DAS 

B 

Rd decimal adjust Rd 

Decimal-adjusts an addition or subtraction result in a general register by 
referring to OCR to produce 4-bit BCD data. 

MULXU 

B/W 

Rd X Rs Rd 

Performs unsigned multiplication on data in two general registers: either 

8 bits X 8 bits -> 16 bits or 16 bits x 16 bits -> 32 bits. 

MULXS 

B/W 

Rd X Rs Rd 

Performs signed multiplication on data in two general registers: either 

8 bits X 8 bits 16 bits or 16 bits x 16 bits -> 32 bits. 


Note; * Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 
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Table 2-4 Arithmetic Operation Instructions (cont) 


Instruction 

Size* 

Function 

DIVXU 

B/W 

Rd + Rs —> Rd 

Performs unsigned division on data in two general registers: either 

16 bits + 8 bits -> 8-bit quotient and 8-bit remainder or 32 bits + 16 bits 

16-bit quotient and 16-brt remainder. 

DIVXS 

B/W 

Rd + Rs -4 Rd 

Performs signed division on data in two general registers: either 

16 bits + 8 bits 8-bit quotient and 8-bit remainder, or 32 bits +16 bits -4 
16-bit quotient and 16-blt remainder. 

CMP 

B/W/L 

Rd-Rs, Rd-#IMM 

Compares data in a general register with data in another general register or 
with immediate data, and sets CCR according to the result. 

NEG 

B/W/L 

0-Rd-4Rd 

Takes the two’s complement (arithmetic complement) of data in a general 
register. 

EXTS 

W/L 

Rd (sign extension) -4 Rd 

Extends byte data in the lower 8 bits of a 16-bit register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to longword data, 
by extending the sign bit. 

EXTU 

W/L 

Rd (zero extension) -> Rd 

Extends byte data in the lower 8 bits of a 16-blt register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to longword data, 
by padding with zeros. 


Note: ♦ Size refers to the operand size. 
B: Byte 
W: Word 


L: Longword 
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Table 2-5 Logic Operation Instructions 
Instruction Size* Function 


AND 

B/W/L 

Rd A Rs -»Rd. Rd a #IMM -> Rd 

Performs a logical AND operation on a general register and another general 
register or immediate data. 

OR 

B/W/L 

Rd V Rs Rd, Rd v #1MM Rd 

Performs a logical OR operatton on a general register and another general 
register or immediate data. 

XOR 

B/W/L 

Rd © Rs —> Rd, Rd © ^IMM —> Rd 

Performs a logical exclusive OR operation on a general register and another 
general register or immediate data. 

NOT 

B/W/L 

-.Rd^Rd 

Takes the one’s complement of general register contents. 


Note: * Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 


Table 2-6 Shift Instructions 
Instruction Size* Function 


SHAL, 

SHAR 

B/W/L 

Rd (shift) Rd 

Performs an arithmetic shift on general register contents. 

SHLL, 

SHLR 

B/W/L 

Rd (shift) Rd 

Performs a logical shift on general register contents. 

ROTL, 

ROTR 

B/W/L 

Rd (rotate) Rd 

Rotates general register contents. 

ROTXL, 

ROTXR 

B/W/L 

Rd (rotate) -4 Rd 

Rotates general register contents through the carry bit. 


Note: * Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 
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Table 2-7 Bit Manipulation Instructions 


Instruction 

Size* 

Function 

BSET 

B 

1 -4 (<bit-No.> of <EAcl>) 

Sets a specified bit in a general register or memory operand to 1. The bit 
number is specified by 3>bit immediate data or the lower 3 bits of a general 
register. 

BCLR 

B 

0 -4 (<bit-No.> of <EAd>) 

Clears a specified bit in a general register or memory operand to 0. The bit 
number is specified by 3*bit immediate data or the lower 3 bits of a general 
register. 

BNOT 

B 

-i(<bit-No.> of <EAd>) -4 (<bit«No.> of <EAd>) 

Inverts a specified bit in a general register or memory operand. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

BTST 

B 

-1 (<bit-No.> of <EAd>) —> Z 

Tests a specified bit in a general register or memory operand and sets or 
clears the Z flag accordingly. The bit number is specified by 3-bit immediate 
data or the lower 3 bits of a general register. 

BAND 

B 

C A (<bit-No.> of <EAd>) — > C 

ANDs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 

BIAND 

B 

C A [-1 (<blt-No.> of <EAd>)] -4 C 

ANDs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

The bit number is specified by 3-bit immediate data. 


Note: * Size refers to the operand size. 
B: Byte 
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Table 2-7 Bit Manipulation Instructions (cont) 


Instruction 

Size* 

Function 

BOR 

B 

C V (<bit-No.> of <EAcl>) -»C 

ORs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 

BIOR 

B 

C V [-1 (<bit-No.> of <EAd>)] —> C 

ORs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

The bit number is specified by 3-bit immediate data 

BXOR 

B 

C 0 (<bit-No.> of <EAd>) -»C 

Exclusive-ORs the carry flag with a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

BIXOR 

B 

C 0 [~i (<bit-No.> of <EAd>)] -» C 

Exclusive-ORs the carry flag with the inverse of a specified bit in a general 
register or memory operand and stores the result In the carry flag. 

The bit number is specified by 3-bit immediate data. 

BLD 

B 

(<bit-No.> of <EAd>) C 

Transfers a specified bit in a general register or memory operand to the 
carry flag. 

BILD 

B 

—1 (<bit-No.> of <EAd>) C 

Transfers the inverse of a specified bit in a general register or memory 
operand to the carry flag. 

The bit number Is specified by 3-bit immediate data. 

BST 

B 

C -> (<bit-No,> of <EAd>) 

Transfers the carry flag value to a specified bit in a general register or 
memory operand. 

BIST 

B 

C —> -1 (<bit-No.> of <EAd>) 

Transfers the inverse of the carry flag value to a specified bit in a general 
register or memory operand. 

The bit number is specified by 3-bit immediate data. 


Note: * Size refers to the operand size. 
B: Byte 
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Table 2-8 Branching Instructions 
Instruction Size Function 

Bcc — Branches to a specified address if a specified condition is true. The 

branching conditions are listed below. 


Mnemonic 

Description 

Condition 

BRA (BT) 

Always (true) 

Always 

BRN (BF) 

Never (false) 

Never 

BHI 

High 

CvZ-O 

BLS 

Low or same 

CvZ=1 

Bcc (BHS) 

Carry clear (high or same) 

O 

N 

O 

BCS (BLO) 

Carry set (low) 

C = 1 

BNE 

Not equal 

o 

II 

N 

BEQ 

Equal 

Z= 1 

BVC 

Overflow clear 

o 

II 

> 

BVS 

Overflow set 

V-1 

BPL 

Plus 

N»0 

BMI 

Minus 

N-1 

BGE 

Greater or equal 

N©V = 0 

BLT 

Less than 

NOV-1 

BGT 

Greater than 

Z V (N © V) = 0 

BLE 

Less or equal 

Z V (N © V) - 1 


JMP 

— 

Branches unconditionally to a specified address 

BSR 

— 

Branches to a subroutine at a specified address 

JSR 

— 

Branches to a subroutine at a specified address 

RTS 

— 

Returns from a subroutine 
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Table 2>9 System Control Instructions 


Instruction 

Size* 

Function 

TRAPA 

— 

Starts trap-instruction exception handling 

RTE 

-- 

Returns from an exception-handling routine 

SLEEP 

— 

Causes a transition to the power-down state 

LOG 

B/W 

(EAs) OCR 

Moves the source operand contents to the condition code register. The 
condition code register size is one byte, but in transfer from memory, data is 
read by word access. 

STC 

BAW 

OCR (EAd) 

Transfers the OCR contents to a destinatbn location. The condition code 
register size is one byte, but in transfer to memory, data is written by word 
access. 

ANDC 

B 

CCR A #IMM -> CCR 

Logically AMDs the condition code register with immediate data. 

ORC 

B 

CCR V #IMM -» CCR 

Logically ORs the condition code register with immediate data. 

XORC 

B 

CCR ® #IMM -»CCR 

Logically exclusive-ORs the condition code register with immediate data. 

NOP 


PC + 2 PC 

Only increments the program counter. 


Note: * Size refers to the operand size. 
6: Byte 
W: Word 
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Table 2-10 Block IVansfer Instruction 


Instruction Size Function 

EEPMOV.B — if R4L^ 0 then 

repeat @ER5+ @ER6+, R4L - 1 R4L 

until R4L « 0 
else next; 

EEPMOV.W — lfR4 9t0then 

repeat @ER5+ @ER6+, R4 -1 -> R4 

until R4 « 0 
else next; 

Transfers a data block according to parameters set in general registers R4L 
or R4. ER5, and ER6. 

R4L or R4: Size of block (bytes) 

ER5: Starting source address 

ERG: Starting destination address 

Execution of the next instruction begins as soon as the transfer is 
completed. 
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2.6.4 Basic Instruction Formats 


The H8/300H instructions consist of 2-byte (l-wwd) units. An instruction consists of an operation 
field (OP field), a register field (r field), an effective address extension (EA field), and a condition 
field (cc). 

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation 
to be carried out on the operand. The operation field always includes the first 4 bits of the 
instruction. Some instructions have two operation fields. 

Register Field: Specifies a general register. Address registers are specified by 3 bits, data 
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register 
field. 

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute 
address, or a displacement. A 24-bit address or displacement is treated as 32-bit data in which the 
first 8 bits are 0 (H’OO). 

Condition Field: Specifies the branching condition of Bcc instructions. 

Figure 2-9 shows examples of instruction formats. 


Operation field only 



NOP, RTS, etc. 


ADD.B Rn, Rm, etc. 


MOV.B@(d:16. Rn), Rm 


BRAd:8 


Figure 2-9 Instruction Formats 






2.6^ Notes on Use of Bit Manipulation Instructions 

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit in the 
byte, then write the byte back. Care is required when these instructions are used to access registers 
with write-only bits, or to access ports. 

The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling 
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag 
ahead of time. 

1.1 Addressing Modes and Effective Address Calculation 

2.7.1 Addressing Modes 

The H8/3(X)H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses 
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct 
and immediate modes. Data transfer instructions can use all addressing modes except program- 
counter relative and memory indirect Bit manipulation instructions use register direct, register 
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET, 
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit 
number in the operand. 


Table 2-11 Addressing Modes 


No. 

Addressing Mode 

Symbol 

1 

Register direct 

Rn 

2 

Register indirect 

(3)ERn 

3 

Register indirect with displacement 

@(d:16. ERn)/@(d:24, ERn) 

4 

Register indirect with post-increment 

@ERn+ 


Register indirect with pre-decrement 

(2>—ERn 

5 

Absolute address 

(g)aa:8/(a)aa:16/@aa:24 

6 

Immediate 

#xx:8/#xx:16/#xx:32 

7 

Program-counter relative 

(a)(d:8, PC)/(a)(d:16, PC) 

8 

Memory indirect 

@(g>aa:8 
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1 Register Direct—^Rn: The register field of the instruction code specifies an 8-, 16-, or 32-bit 
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. 
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit 
registers. 

2 Register Indirect—@ERn: The register field of the instruction code specifies an address 
registCT (ERn), the lower 24 bits of which contain the address of the operand. 

3 Register Indirect with Displacement—@(d:16, ERn) or @(d:24, ERn): A 16-bit or 24-bit 
displacement contained in the instruction code is added to the contents of an address register 
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the 
address of a memory operand. A 16-bit displacement is sign-extended when added. 

4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn: 

• Register indirect with post-increment—@ERn+ 

The register field of the instruction code specifies an address register (ERn) the lower 24 bits 
of which contain the address of a memory operand. After the operand is accessed, 1,2, or 4 is 
added to the address register contents (32 bits) and the sum is stored in the address register. 
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or 
longword access, the register value should be even. 

• Register indirect with pre-decrement—@-ERn 

The value 1,2, or 4 is subtracted from an address register (ERn) specified by the register field 
in the instruction code, and the lower 24 bits of the result become the address of a memory 
operand. The result is also stored in the address register. The value subtracted is 1 for byte 
access, 2 for word access, or 4 for longword access. For word or longword access, the 
resulting register value should be even. 

5 Absolute Address—@aa:8, @aa:16, or @aa:24: The instruction code contains the absolute 
address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long 
(@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute address, the upper 16 bits are all 
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A 
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible 
address ranges. 
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Table 2-12 Absolute Address Access Ranges 


Absolute 


Address 

1-Mbyte Modes 

16-Mbyte Modes 

8 bits (@aa:8) 

H’FFFOOtoH'FFFFF 
(1048320 to 1048575) 

H’FFFFOOtoH'FFFFFF 
(16776960 to 16777215) 

16 bits (@aa:16) 

H'OOOOO to H’07FFF, 
H’F8000toH’FFFFF 
(0 to 32767,1015808 to 1048575) 

H’OOOOOO to H'007FFF, 
H’FFSOOOtoH’FFFFFF 
(0 to 32767,16744448 to 16777215) 

24 bits (@aa;24) 

H’OOOOO to H’FFFFF 
(0 to 1048575) 

H’OOOOOO to H’FFFFFF 
(0 to 16777215) 


6 Immediate—#xx:8, #xx:16, or #xx:32: The instruction code contains 8-bit (#xx:8), 16-bit 
(#xx:16), or 32-bit (#xx:32) immediate data as an q)erand. 

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data 
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate 
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data 
specifying a vector address. 

7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and 
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign- 
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The 
PC value to which the displacement is added is the address of the first byte of the next instruction, 
so the possible branching range is -126 to -tl28 bytes (-63 to +64 words) or -32766 to 
+32768 bytes (-16383 to +16384 words) from the branch instruction. The resulting value should 
be an even numb^. 

8 Memory Indirect-—@@aa:8: This mode can be used by the JMP and JSR instructions. The 
instruction code contains an 8-bit absolute address specifying a memory operand. This memory 
operand contains a branch address. The memory operand is accessed by longword access. The 
first byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2-10. 
The upper bits of the 8-bit absolute address are assumed to be 0 (H’OOOO), so the address range is 
0 to 255 (H’OOOOOO to H'OOOOFF). Note that the first part of this range is also the exception vector 
area. For further details see section 5, Interrupt Conuoller. 
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Figure 2-10 Memory-Indirect Branch Address SpeciHcation 

When a word-size or longword-size memory operand is specified, or when a tnanch address is 
specified, if the specified memory address is odd, the least significant bit is regarded as 0. The 
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2, 
Memory Data Formats. 

2.7.2 Effective Address Calculation 

Table 2-13 explains how an effective address is calculated in each addressing mode. In the 
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to 
generate a 20-bit effective address. 
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Table 2-13 Effective Address Calculation 


Addressing Mode and 

No. Instruction Format Effective Address Caicuiation Effective Address 


1 Register direct (Rn) Operand is general 



4 Register indirect with post-increment 
or pre-decrement 



Register indirect with pre-decrement 
@-iRn ,- 


op r 


31 0 



1 for a byte operand, 2 for a word 
operand, 4 for a longword operand 












Table 2-13 Effective Address Calculation 


Addressing Mode and 
No. Instruction Format 

5 Absolute address 
(§>aa:8 



6 Immediate 

#xx:8, #xx:16, or #xx:32 



7 Program-counter relative 
@(d:8, PC) or @(d;16, PC) 



Address Calculation 


Effective Address 


23 8 7 0 



Operand is immediate data 













Table 2-13 Effective Address Calculation (cont) 


Addressing Mode and 

No. instruction Format Effective Address Caicuiation Effective Address 


8 Memory indirect @@aa:8 


Normal mode 



Advanced mode 



Legend 

r, rm, rn: Register field 
op: Operation field 

disp: Displacement 

IMM: Immediate data 

abs: Absolute address 





2.8 Processing States 

2.8.1 Overview 

The H8/300H CPU has five processing states: the program execution state, exception-handling 
state, powo'-down state, reset state, and bus-released state. The power-down state includes sleep 
mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing 
states. Figure 2-13 indicates the state transitions. 



Figure 2-11 Processing States 
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Program Execution State 

In this state the CPU executes program instructions in normal sequence. 

2.83 Exception-Handling State 

The exception-handling state is a transient state that occurs when the CPU alters the normal 
program flow due to a reset, inteniipt, or \x3p instruction. The CPU fetches a starting address from 
the exception vector table and branches to that address. In interrupt and trap exception handling 
the CPU references the stack pointer (ER7) and saves the program counter and condition code 
register. 

Types of Exception Handling and Their Priority: Exception handling is performed for resets, 
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their 
priority. Trap instruction exceptions are accepted at all times in the program execution state. 

Table 2-14 Exception Handling Types and Priority 

Priority Type of Exception Detection Timing Start of Exception Handling 

High Reset Synchronized with clock Exce ption h andling starts immediately 

when RES changes from low to high 

When an interrupt is requested, 
exception handling starts at the end of 
the current instruction or current 
exception-handling sequence 

I Trap instruction When TRAPA Instruction Exception handling starts when a trap 

Low is executed (TRAPA) instruction is executed 

Note: ♦ Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC Instructions, or 
immediately after reset exception handling. 


Interrupt End of instruction 

execution or end of 
exception handling* 


Figure 2-12 classifies the exception sources. For further details about exception sources, vector 
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt 
Controller. 


47 





Exception 
sources ^ 

Reset 

^ External interrupts 

Interrupt ^ 



Internal interrupts (from on-chip supporting modules) 


Trap instruction 



Figure 2-12 Classification of Exception Sources 


End of bus release 



Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs 

whenever RES goes low. _ 

2. From any state, a transition to hardware standby mode occurs when STBY goes low. 


Figure 2-13 State IVansitions 
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2^.4 Exception-Handling Sequences 

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is 
entered when the RES signal goes low. Reset exception handling starts after that, when RES 
changes from low to high. When reset exception handling starts the CPU fetches a start address 
from the exception vector table and starts program execution from that address. All interrupts, 
including NMI, are disabled during the reset exception-handling sequence and immediately after it 
ends. 

Interrupt Exception Handling and TVap Instruction Exception Handling: When these 
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the 
program counter and condition code register on the stack. Next, if the UE bit in the system control 
register (SYSCR) is set to 1, the CPU sets the I bit in the condition code register to 1. If the UE bit 
is cleared to 0, the CPU sets both the I bit and the UI bit in the condition code register to 1. Then 
the CPU fetches a start address from the exception vector table and execution branches to that 
address. 

Figure 2-14 shows the stack after the exception-handling sequence. 



-- 



SP-4 


SP (ER7) 

' ' - CCR S' 

SP-3 


SP+1 


SP-2 


SP+2 

'Pp.r ' v 

SP-1 


SP+3 

'V ' " « ' V"« ' •. < «i WS«S< 

SP (ER7)-^ 

I . .. .Stack area 

SP+4 

- ' 






Before exception - 

handling starts 

Pushed on stack 

— ► After exception 
handling ends 


Even 

address 


Legend 

CCR: Condition code register 
SP: Stack pointer 


Notes: 1. PC is the address of the first instruction executed after the return from the 
exception-handling routine, 

2. Registers must be saved and restored by word access or longword access, 
starting at an even address. 


Figure 2-14 Stack Structure after Exception Handling 
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2.8.5 Bus-Released State 


In this state the bus is released to a bus master other than the CPU, in response to a bus request 
The bus masters other than the CPU are the DMA controller, the refresh controller, and an 
external bus master. While the bus is released, the CPU halts except for internal operations. 
Interrupt requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation 

2.8.6 Reset State 

When the RES input goes low all current processing stops and the CPU enters the reset state. The 
I bit in the ctmdition code register is set to 1 by a reset. All interrupts are masked in the reset state. 
Reset exception handling starts when the RES signal changes from low to high. 

The reset state can also be entered by a watchdog timer overflow. For details see section 12, 
Watchdog Timer. 

2.8.7 Power-Down State 

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep 
mode, software standby mode, and hardware standby mode. 

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the 
SSBY bit is cleared to 0 in the system control register (S YSCR). CPU operations stop 
immediately after execution of the SLEEP instruction, but the contents of CPU registers are 
retained. 

Software Standby Mode: A O'ansition to software standby mode is made if the SLEEP 
instruction is executed while the SSBY bit is set to 1 in SYSCR. The CPU and clock halt and all 
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long 
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained. 

The VO ports also remain in their existing states. 

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input 
goes low. As in software standby mode, the CPU and all clocks halt and the on-chip supporting 
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are 
retained. 

For further information see section 19, Power-Down Slate. 
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2.9 Basic Operational Timing 

2.9.1 Overview 

The H8/300H CPU opo^tes according to the system clock (0). The interval from one rise of the 
system clock to the next rise is referred to as a “state.” A memory cycle or bus cycle consists of 
two or three states. The CPU uses different methods to access on-chip memory, the on-chip 
supporting modules, and the external address space. Access to the external address space can be 
controlled by the bus contrdler. 

2.9.2 On-Chip Memory Access Timing 

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and 
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin 
states. 


, Bus cycle , 

1 ^ fcl ‘ 

I * ! 

— T-j state ——T 2 state — 


Internal address bus 

ZKI 

Address ^ 



i i 

Internal read signal 


^ 

Internal data bus 
(read access) 

dh- 

-( Read data >) - 


; 1 

1 1 

Internal write signal 


i\_/ 

1 1 

• 1 

Internal data bus 
(write access) 

zi— 

1 

- ( Write data l) - 

\-,- f 


Figure 2-15 On-Chip Memory Access Cycle 
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Address bus 
AS. RD. HWR. LWR 

Dis to Do 


Zl 

( Address 


1 

1 

1 

1 

1 



i High 

1 

1 




High impedance 



Figure 2-16 Pin States during On-Chip Memory Access 
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2.93 On-Chip Supporting Module Access Timing 

The on-chip suppcxting modules are accessed in three states. The data bus is 8 or 16 bits wide, 
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module 
access timing. Figure 2-18 indicates the pin states. 



Figure 2-17 Access Cycle for On-Chip Supporting Modules 
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Figure 2-18 Pin States during Access to On-Chip Supporting Modules 


2.9.4 Access to External Address Space 

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings 
determine whether each area is accessed via an 8-bit or 16-bit bus, and whether it is accessed in 
two or three states. For details see section 6, Bus Controller. 
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Section 3 MCU Operating Modes 


3.1 Overview 


3.1.1 Operating Mode Selection 


The H8/3042 Series has seven operating modes (modes 1 to 7) that are selected by the mode pins 
(MD 2 to MDq) as indicated in table 3-1. The input at these pins determines the size of the address 
space and the initial bus mode. 



Table 3-1 Operating Mode Selection 


Description 


Operating 

Mode 

Mode Pins 


Initial Bus 

On-Chip 

ROM 

On-Chip 

RAM 

MDj 

MD^ 

MDq 

Address Space 

Mode’i 

— 

0 

0 

0 

— 

— 

— 

— 

Mode 1 

0 

0 

1 

Expanded mode 

8 bits 

Disabled 

Enabled*2 

Mode 2 

0 

1 

0 

Expanded mode 

16 bits 

Disabled 

Enabled*2 

Mode 3 

0 

1 

1 

Expanded mode 

8 bits 

Disabled 

Enabled*^ 

Mode 4 

1 

0 

0 

Expanded mode 

16 bit 

Disabled 

Enabled‘2 

Mode 5 

1 

0 

1 

Expanded mode 

8 bits 

Enabled 

Enabled’2 

Mode 6 

1 

1 

0 

Single-chip normal 
mode 

— 

Enabled 

Enabled 

Mode? 

1 

1 

1 

Single-chip advanced 
mode 

— 

Enabled 

Enabled 


Notes: 1. In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by 
settings made in the area bus width control register (ABWCR). For details see 
section 6, Bus Controller. 

2. If the RAME bit in SYSCR is cleared to 0, these addresses become external addresses. 


For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes. The external 
data bus is either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for 
all areas, the external data bus is 8 bits wide. For details see section 6, Bus Controller. 

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral 
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space 
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes. 
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral 
devices and also enables access to the on-chip ROM. Mode S supports a maximum address space 
of 1 Mbyte. 

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers, 
and make all I/O ports available. In mode 6 the CPU qperates in normal mode, supporting a 
64-kbyte address space. In mode 7 the CPU operates in advanced mode, supporting a 1-Mbyte 
address space. 

The H8/3042 Series can be used only in modes 1 to 7. The inputs at the mode pins must select one 
of these seven modes. The inputs at the mode pins must not be changed during operation. 

3.1.2 Register Configuration 

The H8/3042 Series has a mode control register (MDCR) that indicates the inputs at the mode 
pins (MD 2 to MDq), and a system control register (SYSCR). Table 3-2 summarizes these registers. 


Table 3-2 Registers 


Address* 

Name 

Abbreviation 

WW 

Initial Value 

H'FFFI 

Mode control register 

MDCR 

R 

Undetermined 

H'FFF2 

System control register 

SYSCR 

R/W 

H’OB 


Note: * The lower 16 bits of the address are indicated. 
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3.2 Mode Control Register (MDCR) 

MDC!R is an 8-bit read-only register that indicates the current operaung mode of the 
H8/3042 Series. 


7 

6 

5 

4 

3 

2 

1 

0 

— 

— 

— 

— 

— 

MDS2 

MDS1 

MDSO 


Initial value 

Read/Write 

1 1 

0 0 0 

_* _* _* 

R R R 


I 

Reserved bits 

f 

Reserved bits 

I 

Mode select 2 to 0 

Bits indicating the current 
operating mode 


Note: * Determined by pins MD^ to MDq. 


Bits 7 and 6—Reserved: Read-only bits, always read as 1. 

Bits 5 to 3—Reserved: Read-only bits, always read as 0. 

Bits 2 to 0—^Mode Select 2 to 0 (MDS2 to MDSO): These bits indicate the logic levels at pins 
MD 2 to MDq (the current operating mode). MDS2 to MDSO correspond to MD 2 to MDq. MDS2 
to MDSO are read-only bits. The mode pin (MD 2 to MDq) levels are latched when MDCR is read. 
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3.3 System Control Register (SYSCR) 

SYSCR is an 8-bit register that controls the operation of the H8/3042 Series. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


SSBY 

STS2 

STS1 

STSO 

UE 

NMIEG 

— 

RAME 

Initial value 

0 

0 

0 

0 

1 

0 

1 

1 

Read/Write 

R/W 

RAW 

RAW 

RAW 

RAW 

RAW 

— 

RAW 


RAM enable 

Enables or 
disables 
on-chip RAM 


Reserved bit 


NMI edge select 

Selects the valid edge 
of the NMI input 


User bit enable 

Selects whether to use the Ui bit in OCR 
as a user bit or an interrupt mask bit 


Standby timer select 2 to 0 

These bits select the waiting time at 
recovery from software standby mode 


Software standby 

Enables transition to software standby mode 


Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further 
information about software standby mode see section 19, Power-Down State.) 

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear 
this bit, write 0. 

Bit 7 


SSBY 

Description 


0 

SLEEP Instruction causes transition to sleep mode 

(Initial value) 

1 

SLEEP instruction causes transition to software standby mode 
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Bits 6 to 4 —Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the internal clock oscillator to settle when software 
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at 
least 8 ms at the system clock rate. For further information about waiting time selection, see 
section 19.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode. 


BH6 

STS2 

Bits 

STS1 

Bit 4 
STSO 

Description 


0 

0 

0 

Waiting time » 8192 states 

(Initial value) 

0 

0 

1 

Waiting time - 16384 states 


0 

1 

0 

Waiting time > 32768 states 


0 

1 

1 

Waiting time « 65536 states 


1 

0 

— 

Waiting time - 131072 states 


1 

1 

— 

Illegal setting 



Bit 3—User Bit Enable (UE): Selects whether to use the UI bit in the condition code register as a 
user bit or an interrupt mask bit. 

Bit 3 


UE 

Description 


0 

UI bit in OCR is used as an interrupt mask bit 


1 

UI bit in CCR is used as a user bit 

(Initial value) 

Bit2— 

•NMI Edge Select (NMIEG): Selects the valid edge of the NMI input. 


Bit 2 
NMIEG 

Description 


0 

An interrupt is requested at the falling edge of NMI 

(initial value) 

1 

An interrupt is requested at the rising edge of NMI 



Bit 1—^Reserved: Read-only bit, always read as 1. 

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is 
initialized by the rising edge of the RES signal. It is not initialized in software standby mode. 

BitO 


RAME 

Description 


0 

On-chip RAM is disabled 


1 

On-chip RAM is enabled 

(Initial value) 
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3.4 Operating Mode Descriptions 

3A1 Mode 1 

Ports 1,2, and 5 function as address pins Aig to Aq, permitting access to a maximum 1-Mbyte 
address space. The initial bus mode after a reset is 8 bits, with 8 -bit access to all areas. If at least 
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 

3.4.2 Mode 2 

Ports 1,2, and 5 function as address pins Aig to Aq, permitting access to a maximum 1-Mbyte 
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all 
areas are designated for 8 -bit access in ABWCR, the bus mode switches to 8 bits. 

3.4J Mode 3 

Ports 1,2, and 5 and part of port A function as address pins A 23 to Aq, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8 -bit access to 
all areas. If at least one area is designated for 16-bit access in ABWCR, the bus mode switches to 
16 bits. A 23 to A 21 are valid when 0 is written in bits 7 to 5 of the bus release control register 
(BRCR). 

3.4.4 Mode 4 

Ports 1,2, and 5 and part of port A function as address pins A 23 to Aq, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 16 bits, with 16-bit access 
to all areas. If all areas are designated for 8 -bit access in ABWCR, the bus mode switches to 
8 bits. A 23 to A 21 are valid when 0 is written in bits 7 to 5 of BRCR. 

3.4.5 Mode 5 

Ports 1,2, and 5 can function as address pins A 19 to Aq, permitting access to a maximum 1-Mbyte 
address space, but following a reset they are input ports. To use ports 1,2, and 5 as an address bus, 
the corresponding bits in their data direction registers (PIDDR, P2DDR, and P5DDR) must be set 
to 1. The initial bus mode after a reset is 8 bits, with 8 -bit access to all areas. If at least one area is 
designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 

3.4.6 Modes 6 and 7 

These modes operate using the on-chip ROM, RAM, and registers. All I/O ports are available. 
Mode 6 is a normal mode with a 64-kbyte address space. Mode 7 is an advanced mode with a 
1-Mbyte address space. 
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3.5 Pin Functions in Each Operating Mode 

The pin functions of ports 1 to 5 and port A vary depending on the operating mode. Table 3-3 
indicates their functions in each operating mode. 

Table 3-3 Pin Functions in Each Mode 


Port 

Mode 1 

Mode 2 

Modes 

Mode 4 

Modes 

Mode 6/7 

Port 1 

Ay to Aq 

Ay to Aq 

A 7 to Ao 

Ay to Aq 

P1 7 to PI 0*2 

Pl7toP1o 

Port 2 

> 

0 

A ^5 to Aq 

A^igtO Aq 

A^5 to Aq 

P 27 to P2o’2 

P27toP2o 

Ports 

D *)5 to Ds 

Di 5 to Dq 

Di 5 to Dq 

Di 5 to Dq 

Digto Dq 

PS7 to PSq 

Port 4 

P47toP4o*’ 

DytoDo*’ 

P47 to P4o*i 

D 7 to Do’i 

P47 to P4o*i 

P47 to P4o 

Port 5 

Ai 9 to A ,6 

A ^9 to A-jg 

A^igtO A^g 

A ^9 to A-jg 

P53toP5o‘2 

PSq to P5 q 

Port A 

PAy to PA 4 

PAy to PA 4 

A 23 to A 20 *^ 

A 23 to A 2 o*^ 

PAy to PA 4 

PAy to PA 4 


Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function 
as PAj to P4o in 8 -bit bus mode, and as Dy to Dq in 16-bit bus mode. 

2. Initial state. These pins become address output pins when the corresponding bits in the 
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1 . 

3. A 20 is always an address output pin. A 23 to A 21 become valid when 0 is written in bits 7 
to 5 of BRCR; initially, they function as PAe to PA 4 . 

3.6 Memory Map in Each Operating Mode 

Figure 3-1 shows a memory map of the H8/3042. Figure 3-2 shows a memory map of the 
H8/3041. Figure 3-3 shows a memory map of the H8/3040. The address space is divided into 
eight areas. 

The initial bus mode differs between modes 1 and 2, and also between modes 3 and 4. 

The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte 
modes (modes 1,2,5, and 7), 16-Mbyte modes (modes 3 and 4), and 64-kbyte mode (mode 6). 
The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 
and @aa: 16) also differs. 
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Figure 3-1 H8/3042 Memory Map in Each Operating Mode (1) 
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addresses 





























Modes 

(expanded mode with 
on-chip ROM enabled) 


Vector area 


Modes 

(single-chip normal mode) 


Mode? 

(single-chip advanced mode) 


KOFFFF 

moooo 

H-1FFFF 

H*20000 

H-SFFFF 

^40000 

H-5FFFF 

H’60000 

H7FFFF 

FTSOOOO 

H-QFFFF 

HAOOOO 

KBFFFF 

H’COOOO 

KDFFFF 

H'EOOOO 


H*FF70F 

H’FF710 


On-chip ROM 


I li 


IF« 


H-0000|-1Y H'OOOOOi-*■ 

Vector area wenK^- Vector area 

.. indirect « 

branch 2 

hroOFF.addresses h'OOOFF.-*-1 



On-chip ROM 


On-chip RAM 


On-chip ROM i c 
S 2 

K07FFF 


KFFIC, 

On-chip 
l-l'pppp I registers 


8-bit 

absolute 

addresses 


On-chip RAM* 


On-chip RAM 


H-FFFOO 

H’FFFOF 

H’FFFlOl 


KFFF1B 

H*FFF1C| 


H-FFFFFl 


HTFFOOf 

hfffofL 


External 

address 

space 


On-chip 

registers 


On-chip 

registers 



Note: * External addresses can be accessed by disabling on-chip RAM. 


Figure 3-1 H8/3042 Memory Map in Each Operating Mode (2) 
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16-bit absolute addresses ! ! 16-bit absolute 

' ' addresses 









































Figure 3-2 H8/3041 Memory Map in Each Operating Mode (1) 
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Modes 

(expanded mode with 
on-chip ROM enabled) 


Modes 

(single-chip normal mode) 


Mode? 

(single-chip advanced mode) 


HWFFF 

KfOBFFF 

H*OCOOO 

H’OFFFF 

hnoooo 

KIFFFF 

^20000 

H3FFFF 

Fr40000 

KSFFFF 

H60000 

H7FFFF 

H’80000 

lf9FFFF 

HAOOOO 

H’BFFFF 

H'COOOO 

H’DFFFF 

KEOOOO 


H-FF70F 

H*FF710 



On-chip ROM 


ii i 

~ 2 "5 

I* 

£•“28 
E c 

II 


I l' mUmorv H’OOOOO- 

Vector area 11 

branch 

. addresses h'OOOFF. 



On-chip ROM 


On-chip RAM 


On-chip ROM 


H’07FFF 

H*0BFFF 


H-FF1C, 

On-chIp 
l^'FPPPl registers 


8-bit 

absolute 

addresses 


lOn-chip RAM*2 


On-chIp RAM 


H’FFFOO 

H’FFFOF 

H'FFFIOi 


H'FFFiBl 

H*FFF1Cr 


External 

address 

space 


On-chip 

registers 


KFFFOOr 

HTFFOFL 


H’FFFICr 


On-chip 

registers 



Notes: 1. Do not access the reserved area. 

2. External addresses can be accessed by disabling on-chip RAM. 


Figure 3-2 H8/3041 Memory Map In Each Operating Mode (2) 
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16-bit absolute addresses ! I 16-bit absolute 

' ' addresses 













































Figure 3-3 H8/3040 Memory Map in Each Operating Mode (1) 
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Mode 5 

(expanded mode with 
on>^ip ROM enabled) 


Vector area 


Modes 

(single-chip normal mode) 


Mode? 

(single-chip advanced mode) 


WIOGOO 

mFFFF 

^20000 

H*3FFFF 

^40000 

K5FFFF 

H‘60000 

H7FFFF 

H’80000 

H’QFFFF 

FTAOOOO 

H’BFFFF 

KCOOOO 

H’DFFFF 

KEOOOO 


HTF70F 

H’FF710 


H’FFFOO 

H’FFFOF 

HTFF10 


H-FFF1B 

HTFF1C 



H*0CX)00i-rr- 

^moi 7 - Vector area g 

indirect . t3» 

branch 2 $ 

.addresses h'OOOFF. 



8-blt 

absolute 

addresses 


On-chip RAM 


HTFFOOr 

htffofL 


KFFFICr 


On-chip 

registers 


Notes: 1. Do not access the reserved area. 

2. External addresses can be accessed by disabling on-chip RAM. 


Figure 3-3 H8/3040 Memory Map in Each Operating Mode (2) 
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16-bit absolute addresses ! ! 16-bit absolute 

' ' addresses 
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Section 4 Exception Handling 


4.1 Overview 

4.1.1 Exception Handling Types and Priority 

As table 4-1 indicates, exception handling may be caused by a reset, trap instruction, or interrupt. 
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur 
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are 
accepted at all times in the program execution state. 

Table 4-1 Exception Types and Priority 


Priority 

Exception Type 

start of Exception Handling 

High 

Reset 

Starts immediately after a low-to-high transition at the RES pin 

t 

Interrupt 

Interrupt requests are handled when execution of the current 
instruction or handling of the current exception is completed 

Low 

Trap instruction (TRAPA) 

Started by execution of a trap instruction (TRAPA) 


4.1J2 Exception Handling Operation 

Exceptions originate from various sources. Trap instructions and interrupts are handled as follows. 

1 . The program counter (PC) and condition code register (CCR) are pushed onto the stack. 

2. The CCR interrupt mask bit is set to 1. 

3. A vector address corresponding to the exception source is generated, and program execution 
starts from that address. 

For a reset exception, steps 2 and 3 above are carried out 





4.1 J Exception Vector Table 


The exception sources are classified as shown in figure 4-1. Different vectors are assigned to 
different exception sources. Table 4-2 lists the exception sources and their vector addresses. 

r • Reset 

Exception 

sources ^ • Interrupts 

• Trap instruction 

r External interrupts: NMI, IRQq to IRQ 5 

^ Internal interrupts: 30 interrupts from on-chip 
supporting modules 

Figure 4-1 Exception Sources 

Table 4-2 Exception Vector Table 

Vector 

Address*^ 

Exception Source 

Vector Number Advanced Mode 

Normal Mode 

Reset 

0 

H’OOOO to H*0003 

H’OOOO to H’OOOl 

Reserved for system use 

1 

H'0004 to H’0007 

H*0002 to H’0003 


2 

H’0008 to H’OOOB 

H’0004 to H’0005 


3 

H’OOOC to H'OOOF 

H‘0006 to H'0007 


4 

H’0010toH’0013 

H’0008 to H’0009 


5 

H’0014to H’0017 

H’OOOAtoH’OOOB 


6 

H’0018toH’001B 

H'OOOC to H'OOOD 

External interrupt (NMI) 

7 

H’001CtoH'001F 

H’OOOEto H’OOOF 

Trap instruction (4 sources) 

8 

H’0020 to H'0023 

H’OOIOto H’0011 


9 

H'0024 to H’0027 

H’0012to H’0013 


10 

H’0028 to H’002B 

H’OOUto H’0015 


11 

H’002C to H'002F 

H’0016to H’0017 

External interrupt IRQq 

12 

H’0030 to H’0033 

H'0018to H’0019 

External interrupt IRQ^ 

13 

H’0034 to H’0037 

H'OOtAtoH’OOlB 

External interrupt IRQ 2 

14 

H'0038 to H'003B 

H’OOtCtoH'OOID 

External Interrupt IRQ 3 

15 

H'003C to H'003F 

H’OOIEtoH’OOIF 

External interrupt IRQ 4 

16 

H'0040 to H'0043 

H'0020 to H'0021 

External interrupt IRQ 5 

17 

H'0044 to H’0047 

H ’0022 to H’0023 

Reserved for system use 

18 

H'0048 to H’004B 

H’0024to H’0025 


19 

H*004C to H'004F 

H’0026 to H’0027 

Internal interrupts *2 

20 

to 

60 

H*0050 to H’0053 
to 

H’OOFO to H'00F3 

H’0028toH’0029 

to 

H’0078 to H'0079 

Notes: 1 . Lower 16 bits of the address. 


2 . For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table. 
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4.2 Reset 


4.2.1 Overview 


A reset is the highest-priority exception. When the RES pin goes low, all processing halls and the 
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the 
on-chip supporting modules. Reset exception handling begins when the RES pin changes from 
low to high. 

The chip can also be reset by overflow of the watchdog timer. For details see section 12, 
Watchdog Timer. 

4.22 Reset Sequence 

The chip enters the reset state when the RES pin goes low. 

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the 
chip during operation, hold the RES pin low for at least 10 system clock (0) cycles. See appendix 
D.2, Pin States at Reset, for the states of the pins in the reset state. 

When the RES pin goes high after being held low for the necessary time, the chip starts reset 
exception handling as follows. 

• The internal state of the CPU and the registers of the on-chip supporting modules are 
initialized, and the I bit is set to 1 in CCR. 

• The contents of the reset vector address (H’OOOO to H’0003 in advanced mode, H’OOOO to 
H*0001 in normal mode) are read, and program execution starts from the address indicated in 
the vector address. 

Figure 4-2 shows the reset sequence in modes 1 and 3. Figure 4-3 shows the reset sequence in 
modes 2 and 4. Figure 4-4 shows the reset sequence in mode 6. 
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Figure 4-2 Reset Sequence (Modes 1 and 3) 


Vector fetch 


Internal 

processing Prefetch of 


first program 
instruction 


« juinnMJuinnimmuinnnnnnjinmnjiniijiMnnjum 

I • I I I • 1 


RES 


Address 

bus 


RD 


HWR, LWR 
Di 5 to Dg 


( 1 ) 


K 


(3) 


K 


High 


(5) 




(7) 


^ (2) ^ ~!— C ('*) > -!— C (6) > -i— C (8) > 


xhjlx: 


m_ 


- < (10) > 


(1) . (3), (5), (7) Address of reset vector: (1) = H'OOOOO, (3) = H’OOOOl. (5) = H'00002. (7) = HW003 

(2) , (4), (6), (8) Start address (contents of reset vector) 

(9) Start address 

(10) First instruction of program 


Note: After a reset, the wait-state controller inserts three wait states in every bus cycle. 


















Internal 

Vector fetch processing 


Prefetch of first 
program instruction 


0 


Acidress bus 


jirinnimnnjmhnnmin|mhmmmi|uir^ 


_7 ' 




-1 




X <3) : 


X ja 

X_ 


RD 


HWR, LWR 


High 



Di 5 to Do 


< (2) ) 4- < (4) > 


<3I>K 


(1) , (3) Address of reset vector: (1) = H’OOOOO, (3) = H'00002 

(2) . (4) Start address (contents of reset vector) 

(5) Start address 

(6) First instruction of program 

Note: After a reset, the wait-state controller inserts three wait states In every bus cycle. 


Figure 4-3 Reset Sequence (Modes 2 and 4) 
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4.23 Interrupts after Reset 

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, PC and CCR 
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests, 
including NMI, are disabled immediately after a reset The first instruction of the program is 
always executed immediately after the reset state ends. This instruction should initialize the stack 
pointer (example: MOV.L #xx:32, SP). 
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Interrupts 

Interrupt exception handling can be requested by nine external sources (NMI, IRQg to IRQ 5 ) and 
30 internal sources in the on-chip supporting modules. Figure 4-5 classifies the interrupt sources 
and indicates the number of interrupts of each type. 

The on-chip supporting modules that can request intOTupts are the watchdog timer (WDT), 
refresh controller, 16-bit integrated timer-pulse unit (ITU), DMA controller (DMAQ, serial 
communication interface (SCI), and A/D converter. Each interrupt source has a separate vector 
address. 


NMI is the highest-priority interrupt and is always accepted. Interrupts are controlled by the 
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority 
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt 
priority registers A and B (IPRA and IPRB) in the interrupt controller. 


For details on interrupts see section 5, Interrupt Controller. 


f External interrupts 


{ 


NMI( 1 ) 

IRQq to IRQ 5 ( 6 ) 


Interrupts \ 


Internal interrupts 


WDT*^ (1) 

Refresh controller *2(1) 
ITU (15) 

DMAC (4) 

SCI ( 8 ) 

A/D converter (1) 


Notes: Numbers in parentheses are the number of interrupt sources. 

1 . When the watchdog timer is used as an interval timer, it generates an interrupt 
request at every counter overflow. 

2 . When the refresh controller is used as an interval timer, it generates an interrupt 
request at compare match. 


Figure 4-5 Interrupt Sources and Number of Interrupts 
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4.4 IVap Instruction 

Trap instnictirai exception handling starts when a TRAPA instruction is executed. If the UE bit is 
set to 1 in the system control register (SYSCR), the exception handling sequence sets the I bit to 1 
in CCR. If the UE bit is 0, the I and UI bits are both set to 1. The TRAPA instruction fetches a 
start address from a vector table entry corresponding to a vector number from 0 to 3, which is 
specified in the instruction code. 
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4.5 Stack Status after Exception Handling 

Figure 4-6 shows the stack after completion of trap instruction exception handling and interrupt 
exception handling. 



Even address 


a. Normal mode 



Before exception handling -• 

Pushed on stack 


After exception handling 


Even address 


b. Advanced mode 


Legend 

PCE: Bits 23 to 16 of program counter (PC) 

PCH: Bits 15 to 8 of program counter (PC) 

PCL: Bits 7 to 0 of program counter (PC) 

CCR: Condition code register 
SP: Stack pointer 

Notes: * Ignored at return. 

1. PC indicates the address of the first instruction that will be executed after return. 

2. Registers must be saved in word or longword size at even addresses. 


Figure 4-6 Stack after Completion of Exception Handling 
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4.6 Notes on Stack Usage 

When accessing word data or longword data, the H8/3042 Series regards the lowest address bit as 
0. The stack should always be accessed by word access or longword access, and the value of the 
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save 
registers: 

PUSaWRn (orMOV.WRn,@-SP) 

PUSH.L ERn (or MOV.L ERn, @-SP) 

Use the following instructions to restore registers: 

PORWRn (orMOV.W@SP+,Rn) 

PORL ERn (or MOV.L @SP+, ERn) 


Setting SP to an odd value may lead to a malfunction. Figure 4-7 shows an example of what 
happens when the SP value is odd. 


SP 






KFFFEFA 

KFFFEFB 

KFFFEFC 

KFFFEFD 

WFFFEFF 


TRAPA instruction executed MOV. B R1L, @-ER7 


SP set to H’FFFEFF Data saved above SP CCR contents lost 

Legend 

CCR: Condition code register 
PC: Program counter 
R1L: General register R1L 
SP: Stack pointer 

Note: The diagram illustrates modes 3 and 4. 


Figure 4-7 Operation when SP Value is Odd 
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Section 5 Interrupt Controller 


5.1 Overview 

5.1.1 Features 

The interrupt controller has the following features: 

• Interrupt priority registers (IPRs) for setting interrupt priorities 

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis 
in interrupt priority registers A and B (IPRA and IPRB). 

• Three-level masking by the I and UI bits in the CPU condition code register (CCR) 

• Independent vector addresses 

All interrupts are independently vectored; the interrupt service routine does not have to 
identify the interrupt source. 

• Seven external interrupt pins 

NMI has the highest priority and is always accepted; either the rising or falling edge can be 
selected. For each of IRQq to IRQ 5 , sensing of the falling edge or level sensing can be 
selected independently. 



5.1.2 Block Diagram 

Figure 5-1 shows a block diagram of the interrupt controller. 


NMI 

input 


IRQ input 

OVF 

TME 


ADI 

ADIE 



SYSCR 

Legend 


ISCR: IRQ sense control register 

lER: IRQ enable register 

ISR: IRQ status register 

IPRA: Interrupt priority register A 

IPRB: Interrupt priority register B 

SYSCR: System control register 


Figure 5-1 Interrupt Controller Block Diagram 
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5.13 Pin Conflguration 


Table 5-1 lists the interrupt pins. 

Table 5-1 Interrupt Pins 

Name Abbreviation I/O Function 


Nonmaskable interrupt 

NMI 

Input 

Nonmaskable interrupt, rising edge or 
falling edge selectable 

External interrupt request 5 to 0 

IRQ 5 to IRQo 

input 

Maskable interrupts, falling edge or 
level sensing selectable 


5.1.4 Register Configuration 

Table 5-2 lists the registers of the interrupt controller. 


Table 5-2 Interrupt Controller Registers 


Address'i 

Name 

Abbreviation 

R/W 

Initial Value 

H'FFF2 

System control register 

SYSCR 

R/W 

H'OB 

H’FFF4 

IRQ sense control register 

ISCR 

R/W 

H'OO 

H'FFFS 

IRQ enable register 

lER 

R/W 

H'OO 

H'FFF 6 

IRQ status register 

ISR 

R/(W)*2 

H’OO 

H'FFFS 

Interrupt priority register A 

IPRA 

R/W 

H'OO 

H'FFF9 

Interrupt priority register B 

IPRB 

R/W 

H'OO 

Notes: 1. 

Lower 16 bits of the address. 





2. Only 0 can be written, to clear flags. 
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5.2 Register Descriptions 

5.2.1 System Control Register (SYSCR) 

SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the 
action of the UI bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM. 

Only bits 3 and 2 are described here. For the other bits, see section 15.2, System Control Register 
(SYSCR). 

SYSCR is initialized to H'OB by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


SSBY 

STS2 

STS1 

STSO 

UE 

NMIEG 

— 

RAME 

Initial value 

0 

0 

0 

0 

1 

0 

1 

1 

Read/Write 

RyW 

RM 

RAW 

R/W 

R/W 

RAW 

R/W 

RAW 


Standby timer 
select 2 to 0 


Software standby 


RAM enable 


Reserved bit 


NMI edge select 

Selects the NMI input edge 


User bit enable 

Selects whether to use the Ui bit in 
CCR as a user bit or interrupt mask bit 
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Bit 3—^User Bit Enable (UE): Selects whether to use the UI bit in CCR as a user bit or an 
interrupt mask bit. 

BUS 


UE 

Description 


0 

UI bit in CCR is used as interrupt mask bit 


1 

UI bit in CCR is used as user bit 

(Initial value) 

Bit2— 

•NMI Edge Select (NMIEG): Selects the NMI input edge. 


Blt2 

NMIEG 

Description 


0 

Interrupt is requested at falling edge of NMI input 

(Initial value) 

1 

Interrupt is requested at rising edge of NMI input 



5.22 Interrupt Priority Registers A and B (IPRA, IPRB) 

IPRA and IPRB are 8-bit readable/writable registers that control intemipt priority. 
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Interrupt Priority Register A (IPRA): IPRA is an 8-bit rcadable/writable register in which 
interrupt priority levels can be set 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


IPRA7 

1 PRA 6 

IPRA5 

IPRA4 

IPRA3 

IPRA2 

IPRA1 

IPRAO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RW 

RW 

RPM 

RAW 

RAW 

RAW 

RAW 


Priority 
level AO 

Selects the 
priority level 
of ITU 
channel 2 
interrupt 
requests 

Priority level A1 
Selects the priority level 
of ITU channel 1 
interrupt requests 

Priority level A2 

Selects the priority level of 

ITU channel 0 interrupt requests 

Priority level A3 

Selects the priority level of WDT and 
refresh controller interrupt requests 

Priority level A4 

Selects the priority level of IRQ 4 and IRQ 5 

Interrupt requests 

Priority level A5 

Selects the priority level of IRQ 2 and IRQ 3 interrupt requests 

Priority level A6 

Selects the priority level of IRQ-j interrupt requests 

Priority level A7 

Selects the priority level of IRQq interrupt requests 


IPRA is initialized to H’OO by a reset and in hardware standby mode. 
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Bit 7 —^Priority Level A 7 (IPRA 7 ): Selects the priority level of IRQo interrupt requests. 
Bit? 


IPRA7 

Description 


0 

IRQq interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

IRQq interrupt requests have priority level 1 (high prbrity) 


Bit 6 — ^Priority Level A6 (IPRA6): Selects the priority level of IRQj interrupt requests. 

Bite 

iPRA6 

Description 


0 

IRQi interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

IRQ^ interrupt requests have priority level 1 (high prbrity) 


Bit 5 —Priority Level A 5 (IPRA 5 ): Selects the priority level of IRQ2 and IRQ3 interrupt 
requests. 

BHS 

IPRA5 

Description 


0 

IRQ2 and IRQ3 interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

IRQ2 and IRQ3 interrupt requests have priority level 1 (high priority) 



Bit 4 —Priority Level A 4 (IPRA 4 ): Selects the priority level of IRQ4 and IRQ5 interrupt requests. 


BK4 

IPRA4 

Description 


0 

IRQ4 and IRQ5 interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

IRQ4 and IRQ5 interrupt requests have priority level 1 (high priority) 
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Bit 3—^Priority Level A3 (IPRA3): Selects the priority level of WDT and refresh controller 
interrupt requests. 

Bits 


IPRA 3 

Description 


0 

WDT and refresh controller interrupt requests have priority level 0 
(low priority) 

(Initial value) 

1 

WDT and refresh controller interrupt requests have priority level 1 (high priority) 

Bit 2- 

-Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests. 

Bit 2 
IPRA2 

Description 


0 

ITU channel 0 interrupt requests have priority level 0 (low priority) 

(initial value) 

1 

ITU channel 0 interrupt requests have priority level 1 (high priority) 


Bit 1- 

-Priority Level A1 (IPRAl): Selects the priority level of ITU channel 1 interrupt requests. 

Biti 

IPRA1 

Description 


0 

ITU channel 1 interrupt requests have priority level 0 (low priority) 

(initial value) 

1 

ITU channel 1 interrupt requests have priority level 1 (high priority) 


Bit 0 — ^Priority Level AO (IPR AO): Selects the priority level of ITU channel 2 interrupt requests. 

BitO 

IPRAO 

Description 


0 

ITU channel 2 interrupt requests have priority level 0 (low priority) 

(initial value) 

1 

ITU channel 2 interrupt requests have priority level 1 (high priority) 
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which 
interrupt priority levels can be set. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


IPRB7 

IPRB6 

IPRB5 

— 

IPRB3 

IPRB2 

IPRB1 

— 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

fWl 

R/W 

RM 

FUVJ 

RM 

RyW 

RAA/ 


Reserved bit 

Priority ievei B1 
Selects the priority level 
of A/D converter 
interrupt request 

Priority ievei B2 

Selects the priority level of 

SCI channel 1 interrupt requests 

Priority level B3 

Selects the priority level of SCI 

channel 0 interrupt requests 

Reserved bit 


Priority level B5 

Selects the priority ievei of DMAC 
interrupt requests (channels 0 and 1) 

Priority ievei B6 

Selects the priority level of ITU channel 4 interrupt requests 

Priority level B7 

Selects the priority level of ITU channel 3 interrupt requests 


IPRB is initialized to H'OO by a reset and in hardware standby mode. 
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Bit 7—^Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests. 
Bit 7 

IPRB7 Description 


0 

ITU channel 3 interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

ITU channel 3 interrupt requests have priority level 1 (high priority) 


Bit 6—^Priority Level B6 (IPRB6): Selects the priority level of ITU channel 4 interrupt requests. 

Bite 

IPRB6 

Description 


0 

ITU channel 4 interrupt requests have priority level 0 (low priority) 

(initial value) 

1 

ITU channel 4 interrupt requests have priority level 1 (high priority) 



Bit 5—^Priority Level B5 (IPRB5): Selects the priority level of DMAC interrupt requests 
(channels 0 and 1). 

Bits 


IPRBS 

Description 


0 

DMAC interrupt requests (channels 0 and 1) have priority level 0 
(low priority) 

(Initial value) 

1 

DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority) 


Bit 4—^Reserved: This bit can be written and read, but it does not affect interrupt priority. 
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Bit 3—^Priority Level B3 (IPRB3): Selects the priority level of SCI channel 0 interrupt requests. 
BK3 


iPRB3 

Description 


0 

SCIO interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

SCIO interrupt requests have priority level 1 (high priority) 



Bit 2—Priority Level B2 (IPRB2): Selects the priority level of SCI channel 1 interrupt requests. 


BK2 

IPRB2 

Description 


0 

sen interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

sen interrupt requests have priority level 1 (high priority) 


Bitl— 

-Priority Level B1 (IPRBl): Selects the priority level of A/D converter interrupt requests. 

BHI 

IPRB1 

Description 


0 

A/D converter interrupt requests have priority level 0 (low priority) 

(Initial value) 

1 

A/D converter interrupt requests have priority level 1 (high priority) 



Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority. 












5.2 J IRQ Status Register (ISR) 


ISR is an 8-bit readable/writable regist^ that indicates the status of IRQo to IRQ 5 interrupt 
requests. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQSF 

IRQ 4 F 

IRQ 3 F 

IRQ 2 F 

IRQ 1 F 

IRQOF 

initiai value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

R/(W)f*' 

R/(W)* 

R/(W)f 

R/(Wr 

R/{W)* 

R/{W)* 


Reserved bits IRQ 5 to IRQg flags 

These bits indicate IRQ5 to IRQ0 
interrupt request status 

Note: * Only 0 can be written, to clear flags. 

ISR is initialized to H'OO by a reset and in hardware standby mode. 

Bits 7 and 6—^Reserved: Read-only bits, always read as 0. 

Bits 5 to 0 — ^IRQs to IRQo Flags (IRQsF to IRQqF): These bits indicate the status of 
IRQ 5 to IRQo interrupt requests. 


Bits 5 to 0 

IRQSF to IRQOF Description 


0 

[Clearing conditions] (Initial value) 

0 is written in IRQnF after reading the IRQnF flag when IRQnF = 1 . 

IRQnSC = 0 , IRQn input is high, and interrupt exception handling is carried out. 
IRQnSC = 1 and IRQn interrupt exception handling Is carried out. 

1 

[Setting conditions] 

IRQnSC = 0 and IRQn input is low. 

IRQnSC = 1 and IRQn Input changes from high to low. 

Note: n = 5 to 0 
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5.2.4 IRQ Enable Register (lER) 

lER is an 8 -bit readable/writable register that enables or disables IRQo to IRQ 5 interrupt requests. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQ 5 E 

IRQ 4 E 

IRQ 3 E 

IRQ 2 E 

IRQ 1 E 

IRQOE 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAV 

fWi 

RW 

RAV 

R/W 

RM 

R/W 

R/W 


Reserved bits IRQ 5 to IRQg enable 

These bits enable or disable IRQ5 to IRQq interrupts 


lER is initialized to H'OO by a reset and in hardware standby mode. 

Bits 7 and 6 —Reserved: These bits can be written and read, but they do not enable or disable 
interrupts. 

Bits 5 to 0—^IRQs to IRQo Enable (IRQ5E to IRQOE): These bits enable or disable 
IRQ 5 to IRQo interrupts. 


Bits 5 to 0 

IRQ5E to IRQOE Description 


0 

iRQs to IRQq interrupts are disabled 

(initial value) 

1 

IRQ5 to IRQq interrupts are enabled 
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S2S IRQ Sense Control Register (ISCR) 

ISCR is an 8 -bit readable/writable register that selects level sensing or falling-edge sensing of the 
inputs at pins IRQ 5 to IRQo. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQ5SC 

IRQ4SC 

IRQ3SC 

IRQ2SC 

IRQ1SC 

IRQOSC 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 



R/W 

R/W 

RAV 

BAN 

BAN 

BAN 


Reserved bits IRQ 5 to IRQg sense control 

These bits select level sensing or falling-edge 
sensing for IRQ 5 to IRQq interrupts 


ISCR is initialized to H'OO by a reset and in hardware standby mode. 

Bits 7 and 6 —Reserved: These bits can be written and read, but they do not select level or 
falling-edge sensing. 

Bits 5 to 0 —^IRQs to IRQo Sense Control (IRQ5SC to IRQOSC): These bits select whether 
interrupts IRQ5 to IRQo are requested by level sensing of pins IRQ5 to IRQo, or by falling-edge 
sensing. 


Bits 5 to 0 

IRQ5SC to IRQOSC 

Description 

0 

Interrupts are requested when IRQ^ to IRQq inputs are low (Initial value) 

1 

Interrupts are requested by falling-edge input at IRQ5 to IRQq 
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5.3 Interrupt Sources 

The interrupt sources include external interrupts (NMI, IRQq to IRQ 5 ) and 30 internal interrupts. 
5 J.l External Interrupts 

There are seven external interrupts: NMI, and IRQo to IRQ5. Of these, NMI, IRQq, IRQi, and 
IRQ2 can be used to exit software standby mode. 

NMI; NMI is the highest-priority interrupt and is always accepted, regardless of the states of the 
I and UI bits in CCR. The NMEG bit in S YSCR selects whether an interrupt is requested by the 
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector 
number 7. 


IRQo to IRQs Interrupts: These interrupts are requested by input signals at pins IRQo to IRQ 5 . 
The IRQo to IRQ 5 interrupts have the following features. 

• ISCR settings can select whether an interrupt is requested by the low level of the input at pins 
IRQo to IRQ5, or by the falling edge. 

• lER settings can enable or disable the IRQo to IRQ5 interrupts. Interrupt priority levels can be 
assigned by four bits in IPRA (IPRA 7 to IPRA 4 ). 

• The status of IRQo to IRQ 5 interrupt requests is indicated in ISR. The ISR flags can be 
cleared to 0 by software. 


Figure 5-2 shows a block diagram of interrupts IRQo to IRQ 5 . 



Figure 5-2 Block Diagram of Interrupts IRQo to IRQ5 
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQnF). 



Interrupts IRQo to IRQ 5 have vector numbers 12 to 17. These interrupts are detected regardless of 
whether the corresponding pin is set for input or output When using a pin for external interrupt 
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI 
input or output. 

53.2 Internal Interrupts 

Thirty internal interrupts are requested from the on-chip supporting modules. 

• Each on-chip supporting module has status flags for indicating interrupt status, and enable 
bits for enabling or disabling interrupts. 

• Interrupt priority levels can be assigned in IPRA and IPRB. 

• ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is 
sent to the interrupt controller, and the I and UI bits are disregarded. 

533 Interrupt Vector Table 

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the 
default priority order, smaller vector numbers have higher priority. The priority of interrupts other 
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order 
shown in table 5-3. 
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Table 5-3 Interrupt Sources^ Vector Addresses, and Priority 


Vector Address* 


Interrupt Source 

Origin 

Number 

Advanced Mode 

Normal Mode 

IPR 

Priority 

NMI 

External 

pins 

7 

H'OOICtoH’OOIF 

H'OOOE to H’OOOF 

— 

Hi 

gh 

IRQo 


12 

H'0030toH’0033 

H'0018toH'0019 

IPRA7 

.1 


IRQi 


13 

H'0034toH0037 

H’OOIAto H'OOIB 

IPRA 6 



IRQ 2 


14 

H’0038 to H'003B 

H’OOICtoH’OOID 

IPRA5 



IRQ 3 


15 

H’003Cto H'003F 

H'OOIEto H’OOIF 




IRQ 4 


16 

H’0040 to H’0043 

H ’0020 to H '0021 

IPRA4 



IRQ 5 


17 

H’0044to H*0047 

H’0022 to H’0023 




Reserved 

— 

18 

H’0048 to H'004B 

H'0024 to H’0025 






19 

H*004Cto H’004F 

H’0026 to H’0027 




WOVI 

(interval timer) 

Watchdog 20 
timer 

H'0050 to H'0053 

H’0028 to H’0029 

IPRA3 



CMI 

(compare match) 

Refresh 

controller 

21 

H*0054 to H’0057 

H’002Ato H*002B 




Reserved 

— 

22 

H'0058 to H'005B 

H’ 002 C to H' 002 D 






23 

H’OOSC to H’OOSF 

H'002Eto H’002F 




IMIAO 

(compare match/ 
input capture AO) 

ITU 

channel 0 

24 

H*0060 to H’0063 

H’0030 to H’0031 

IPRA 2 



IMIBO 

(compare match/ 
input capture BO) 


25 

H’0064to H’0067 

H'0032 to H’0033 




OVIO (overflow 0) 


26 

H’0068 to H’006B 

H’0034 to H’0035 




Reserved 

— 

27 

H'OOeCto H'006F 

H’0036to H’0037 




1MIA1 

(compare match/ 
inputcapture A 1 ) 

ITU 

channel 1 

28 

H’0070 to H’0073 

H’0038 to H’0039 

IPRA1 



IM1B1 

(compare match/ 
input capture B1) 


29 

H’0074 to H’0077 

H'003Ato H'003B 




OVI1 (overflow 1) 


30 

H'0078toH’007B 

H’003C to H’003D 




Reserved 

— 

31 

H'007C to H’007F 

H'003E to H’003F 


L( 

)W 


Note: * Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 


Vector Address* 


Interrupt Source 

Origin 

Nunnber 

Advanced Mode 

Normal Mode 

IPR 

IMIA2 

(compare match/ 
input capture A2) 

ITU 

channel 2 

32 

H'0080 to H’0083 

H’0040toH'0041 

IPRAO 

iMIB2 

(compare match/ 
input capture B2) 


33 

H'0084 to H*0087 

H’0042toH'0043 


OV12 (overflow 2) 


34 

H'0088toH'008B 

H*0044toH’0045 


Reserved 

— 

35 

H’008CtoH’008F 

H’0046 to H'0047 


1MIA3 

(compare match 
/input capture A3) 

rru 

channel 3 

36 

H’0090toH’0093 

H‘0048to H’0049 

IPRB7 

IMIB3 

(compare match/ 
input capture B3) 


37 

H'0094to H’0097 

H'004Ato H'004B 


OVI3 (overflow 3) 


38 

H’0098 to H’009B 

H’004C to H’004D 


Reserved 

— 

39 

H'009C to H'009F 

H'004Eto H’004F 


IMIA4 

(compare match/ 
input capture A4) 

ITU 

channel 4 

40 

H’OOAOto H’00A3 

H’0050 to H’0051 

IPRB6 

IMIB4 

(compare match/ 
input capture B4) 


41 

H'00A4to H’00A7 

H'0052to H'0053 


OVI4 (overflow 4) 


42 

H'00A8 to H’OOAB 

H’0054to H’0055 


Reserved 

— 

43 

H'OOAC to H’OOAF 

H’0056 to H’0057 


DENDOA 

DMAC 

44 

H'OOBO to H’00B3 

H'0058toH'0059 

IPRB5 

DENDOB 


45 

H’00B4 to H’00B7 

H’OOSAtoH'OOSB 


DEND1A 


46 

H’00B8 to H'OOBB 

H’OOSC to H'005D 


DEND1B 


47 

H’OOBCtoH’OOBF 

H'OOSEto H'OOSF 


Reserved 

— 

48 

H’OOCO to H'00C3 

H’0060toH*0061 

— 



49 

H'00C4 to H’00C7 

H'0062 to H'0063 




50 

H'00C8 to H'OOCB 

H'0064toH'0065 




51 

H’OOCC to H'OOCF 

H’0066toH’0067 



Low 


Note: * Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 


Vector Address* 


Interrupt Source 

Origin 

Number 

Advanced Mode 

Normal Mode 

IPR 

Priority 

ERiO 

(receive error 0) 

SCI 

channei 0 

52 

H’OODO to H’OOD3 

H'0068 to H'0069 

IPRB3 

Hk 

Jh 

RXIO (receive 
data full 0) 


53 

H’00D4toH'00D7 

H’006AtoH'006B 




TXIO (transmit 
data empty 0) 


54 

H’OODStoH’OODB 

H’006CtoH’006D 




TEIO 

(transmit end 0) 


55 

H’OODCtoH'OODF 

UL 

CO 

O 

O 

X 

o 

111 

CO 

o 

o 

X 




ERI1 

(receive error 1) 

SCI 

channel 1 

56 

H‘00E0toH’00E3 

H’0070toH*0071 

IPRB2 



RXI1 (receive 
data full 1) 


57 

H’00E4 to H’00E7 

H’0072 to H’0073 




TXI1 (transmit 
data empty 1) 


58 

H'OOES to H’OOEB 

H’0074to H’0075 




TEI1 

(transmit end 1) 


59 

H'OOEC to H’OOEF 

H‘0076 to H‘0077 




ADI (A/D end) 

A/D 

60 

H’00F0toH’00F3 

H’0078toH’0079 

IPRB1 

Low 

Note: * Lower 16 bits of the address. 
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5.4 Interrupt Operation 

5.4.1 Interrupt Handling Process 

The H8/3042 Series handles interrupts differently depending on the setting of the UE bit When 
UE = 1, int^Tupts are controlled by the I bit When UE = 0, interrupts are controlled by the I and 
UI bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I, 
and UI bits. 

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ 
interrupts and interrupts from the on-chip supporting modules have their own enable bits. 
Interrupt requests are ignored when the enable bits are cleared to 0. 

Table 5-4 UE, I, and UI Bit Settings and Interrupt Handling 
SYSCR CCR 


UE 

1 

UI 

Description 

1 

0 

— 

Ail interrupts are accepted, interrupts with priority level 1 have higher 
priority. 


1 

— 

No interrupts are accepted except NMI. 

0 

0 

— 

All interrupts are accepted, interrupts with priority level 1 have higher 
priority. 


1 

0 

NMI and interrupts with priority level 1 are accepted. 



1 

No interrupts are accepted except NMI. 


UE = 1 : Interrupts IRQo to IRQ 5 and interrupts from the on-chip supporting modules can all be 
masked by the I bit in the CPU’s CCR. Interrupts are masked when the I bit is set to 1, and 
unmasked when the I bit is cleared to 0. Interrupts with priority level 1 have higher priority. 
Figure 5-4 is a flowchart showing how interrupts are accepted when UE = 1. 
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Figure 5-4 Process Up to Interrupt Acceptance when UE = 1 
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• If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an 
interrupt request is sent to the interrupt controller. 

• When the interrupt controller receives one or more interrupt requests, it selects the highest- 
priority request, following the BPR interrupt priority settings, and holds other requests 
pending. If two or more interrupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5 - 3 . 

• The interrupt controller checks the I bit If the I bit is cleared to 0, the selected interrupt 
request is accepted. If the I bit is set to 1, only NMI is accepted; other interrupt requests are 
held pending. 

• When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 

• In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the first instruction that will be executed after the return from 
the interrupt service routine. 

• Next the I bit is set to 1 in CCR, masking all interrupts except NMI. 

• The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 

UE = 0: The I and UI bits in the CPU’s CCR and the IPR bits enable three-level masking of 
IRQo to IRQ 5 interrupts and interrupts from the on-chip supporting modules. 

• Interrupt requests with priority level 0 are masked when the I bit is set to 1, and are unmasked 
when the I bit is cleared to 0. 

• Interrupt requests with priority level 1 are masked when the I and UI bits are both set to 1, 
and are unmasked when either the I bit or the UI bit is cleared to 0. 

For example, if the interrupt enable bits of all interrupt requests are set to 1, IPR A is set to 
H’20, and IPRB is set to H'OO (giving IRQ 2 and IRQ 3 interrupt requests priority over other 
interrupts), interrupts are masked as follows: 

a. If I = 0, all interrupts are unmasked (priority order: NMI > IRQ 2 > IRQ 3 >IRQo • • •)• 

b. If I = 1 and UI = 0, only NMI, IRQ 2 , and IRQ 3 are unmasked. 

c. If I = 1 and UI = 1, all interrupts are masked except NMI. 
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Figure 5-5 shows the transitions among the above states. 



Figure 5-6 is a flowchart showing how interrupts are accepted when UE = 0. 

• If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an 
interrupt request is sent to the interrupt controller. 

• When the interrupt controller receives one or more interrupt requests, it selects the highest- 
priority request, following the IPR interrupt priority settings, and holds other requests 
pending. If two or more interrupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5-3. 

• The interrupt controller checks the I bit If the I bit is cleared to 0, the selected interrupt 
request is accepted regardless of its IPR setting, and regardless of the UI bit. If the I bit is set 
to 1 and the UI bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; 
interrupt requests with priority level 0 are held pending. If the I bit and UI bit are both set to 
1, only NMI is accepted; all other interrupt requests are held pending. 

• When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 

• In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the first instruction that will be executed after the return from 
the interrupt service routine. 

• The I and UI bits are set to 1 in CCR, masking all interrupts except NMI. 

• The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 


101 







Figure 5-6 Process Up to Interrupt Acceptance when UE = 0 
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Figure 5-7 Interrupt Sequence (Mode 2, Tivo-State Access, 
Stack in External Memory) 




Figure 5-7 shows the interrupt sequence in mode 2 when the program code and stack are in an 
external memory area accessed in two states via a 16-bit bus. 














5.4 J Interrupt Response Time 


Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the 
first instruction of the interrupt service routine is executed. 

Table 5-5 Interrupt Response Time 


Advanced Mode 






External Memory 





On-Chip 

Memory 

8 -Bit Bus 

16-Bit Bus 

Normal 

No. 

hem 

2 States 

3 States 

2 States 

3 States 

Mode 

1 

Interrupt priority 
decision 

2*1 

2*1 

2*1 

2*1 

2*1 

2*1 

2 

Maximum number 
of states until end of 
current instruction 

1 to 23 

1 to 27 

1 to 31*4 

1 to 23 

1 to 25*4 

1 to 23 

3 

Saving PC and CCR 
to stack 

4 

8 

12*4 

4 

6*4 

4 

4 

Vector fetch 

4 

8 

12*4 

4 

6*4 

2 

5 

Instruction prefetch*2 

4 

8 

12*4 

4 

6*4 

4 

6 

Internal processing*^ 

4 

4 

4 

4 

4 

4 

Total 

19 to 41 

31 to 57 

43 to 73 

19 to 41 

25 to 49 

17 to 39 


Notes: 1. 1 state for internal interrupts. 

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt 
service routine. 

3. Internal processing after the interrupt is accepted and internal processing after prefetch. 

4. The number of states increases if wait states are inserted in external memory access. 
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5.5 Usage Notes 

5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction 

Whra an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not 
disabled until after execution of the instruction is completed. If an interrupt occurs while a BCLR, 
MOV, or other instruction is being executed to clear its interrupt enable bit to 0, at the instant 
when execution of the instruction ends the intmupt is still enabled, so its interrupt exception 
handling is carried out If a higher-priority interrupt is also requested, however, interrupt exception 
handling fcx* the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored. 
This also applies to the clearing of an interrupt flag. 


Figure 5-8 shows an example in which an IMIEA bit is cleared to 0 in the ITU. 



Figure 5-8 Contention between Interrupt and Interrupt-Disabling Instruction 


This type of contention will not occur if the interrupt is masked when the interrupt enable bit or 
flag is cleared to 0. 
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5.5.2 Instructions that Inhibit Interrupts 


The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, 
after determining the interrupt priority, the interrupt controller requests a CPU interrupt If the 
CPU is currently executing one of these interrupt-inhibiting instructions, however, when the 
instruction is completed the CPU always continues by executing the next instruction. 

5.5 J Interrupts during EEPMOV Instruction Execution 

The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests. 

When the EEPMOV.B instruction is executing a transfer, no interrupts are accepted until the 
transfer is completed, not even NMI. 

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are 
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at 
a transfer cycle boundary. The PC value saved on the stack is the address of the next instruction. 
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution: 

LI: EEPMOV.W 

MOV.W R4,R4 
BNE LI 
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Section 6 Bus Controller 


6.1 Overview 

The H8/3042 Series has an on-chip bus controller that divides the address space into eight areas 
and can assign different bus specifications to each. This enables different types of memory to be 
connected easily. 

A bus arbitration function of the bus controller controls the operation of the DMA controller 
(DMAQ and refresh controller. The bus controller can also release the bus to an external device. 

6.1.1 Features 


Features of the bus controller are listed below. 

• Independent settings for address areas 0 to 7 

— 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes. 
— Chip select signals (CSq to CS 3 ) can be output for areas 0 to 3. 

— Areas can be designated for 8 -bit or 16-bit access. 

— Areas can be designated for two-state or three-state access. 

• Four wait modes 



— Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be 
selected. 

— Zero to three wait states can be inserted automatically. 

• Bus arbitration function 


— A built-in bus arbiter grants the bus right to the CPU, DMAC, refresh controller, or an 
external bus master. 
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6 . 1.2 Block Diagram 

Figure 6-1 shows a block diagram of the bus controller. 


CSq to CS3 

A 



Internal signals 

CPU bus request signal 
DM AC bus request signal 
Refresh controller bus request signal 
CPU bus acknowledge signal 
DMAC bus acknov^ 4 e^ signal 
Refresh controller bus acknowledge signal 


Legend 

ABWCR: Bus width control register 
ASTCR: Access state control register 
WCER: Wait state controller enable register 
WCR: Wait control register 

BRCR: Bus release control register 


BREQ 


Figure 6-1 Block Diagram of Bus Controller 


.Internal signals- 

Bus mode control signal 
Bus size control signal 
Access state control signal 
Wait request signal 
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6.1.3 Input/Output Pins 

Table 6-1 summarizes the bus controller’s input/output pins. 
Table 6-1 Bus Controller Pins 


Name 

Abbreviation 

I/O 

Function 

Chip select 0 to 3 

CSq to CS 3 

Output 

Strobe signals selecting areas 0 to 3 

Address strobe 

a5 

Output 

Strobe signal indicating valid address output on the 
address bus 

Read 

w 

Output 

Strobe signal indicating reading from the external 
address space 

High write 

HWR 

Output 

Strobe signal indicating writing to the external 
address space, with valid data on the upper data 
bus ( 0^5 to Ds) 

Low write 

LWR 

Output 

Strobe signal indicating writing to the external 
address space, with valid data on the lower data 
bus (Dy to Dq) 

Wait 

WAIT 

Input 

Wait request signal for access to external three- 
state-access areas 

Bus request 

BREQ 

input 

Request signal for releasing the bus to an external 
device 

Bus acknowledge 

BACK 

Output 

Acknowledge signal indicating the bus is released 
to an external device 


6.1.4 Register Configuration 


Table 6-2 summarizes the bus controller’s registers. 




Table 6-2 

Bus Controller Registers 

Abbrevi¬ 



Initial Value 

Address* 

Name 

ation 

RAV 

Modes 1, 

3,5 Modes 2 ,4, 6 , 7 

H’FFEC 

Bus width control register 

ABWCR 

R/W 

H’FF 

H’OO 

H’FFED 

Access state control register 

ASTCR 

R/W 

H’FF 

H’FF 

H’FFEE 

Wait control register 

WCR 

R/W 

H'F3 

H’F3 

H’FFEF 

Wait state controller enable 
register 

WCER 

R/W 

H’FF 

H'FF 

H'FFF3 

Bus release control register 

BRCR 

R/W 

H’FE 

H’FE 


Note: ♦ Lower 16 bits of the address. 
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6.2 Register Descriptions 

6.2.1 Bus Width Control Register (ABWCR) 

ABWCR is an 8 -bit readable/wiitable register that selects 8 -bit or 16-bit access for each area. 


Bit 


7 

6 

5 

4 

3 

2 

1 

0 


ABW 7 

ABW6 

ABW 5 

ABW 4 

ABW 3 

ABW2 

ABW1 

ABWO 

initial. 

rM(xte1.3.5 

1 

1 

1 

1 

1 

1 

1 

1 

value 

LMod02.4.6.7 0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAV 

RW 

RAW 

RAW 

RAW 

RAW 

RAW 


Bits selecting bus width for each area 


When ABWCR contains H^FF (selecting 8 -bit access for all areas), the chip operates in 8 -bit bus 
mode: the upper data bus (D 15 to Dg) is valid, and port 4 is an input/output port. When at least one 
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D 15 to 
Dq). In modes 1,3, and 5 ABWCR is initialized to HTF by a reset and in hardware standby mode. 
In modes 2,4 ,6 and 7 ABWCR is initialized to H’OO by a reset and in hardware standby mode. 
ABWCR is not initialized in software standby mode. 

Bits 7 to 0—Area 7 to 0 Bus Width Control (AB W7 to AB WO): These bits select 8 -bit access 
or 16-bit access to the corresponding address areas. 


Bits 7 too 

ABW7 to ABWO Description 


0 

Areas 7 to 0 are 16 -bit access areas 

1 

Areas 7 to 0 are 8-bit access areas 


ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and 
registers is fixed and does not depend on ABWCR settings. 
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6.2J2 Access State Control Register (ASTCR) 


ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two 
states or three states. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


AST? 

AST6 

AST 5 

AST 4 

AST 3 

AST 2 

AST 1 

ASTO 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

FVW 

W\N 

RAV 


RAV 

RAN 

R/W 

RAN 


Bits selecting number of states for access to each area 


ASTCR is initialized to ITFF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 0—^Area 7 to 0 Access State Control (AST7 to ASTO): These bits select whether the 
corresponding area is accessed in two or three states. 

Bits 7too 


AST? to ASTO 

Description 


0 

Areas 7 to 0 are accessed In two states 


1 

Areas 7 to 0 are accessed in three states 

(Initial value) 


ASTCR specifies the number of stales in which external areas are accessed. On-chip memory and 
registers are accessed in a fixed number of states that does not depend on ASTCR settings. 
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6.2 J Wait Control Register (WCR) 


WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller 
(WSQ and specifies the number of wait states. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

WMS1 

WMS 2 

WC1 

wco 

Initial value 

1 

1 

1 

1 

0 

0 

1 

1 

Read/Write 

— 

— 

— 

— 

RyW 

R/W 

R/W 

R/W 


Reserved bits 


Wait count 1/0 
These bits select the 
number of wait states 
inserted 


Wait mode select 1/0 
These bits select the wait mode 


WCR is initialized to HT3 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 4 —Reserved: Read-only bits, always read as 1. 

Bits 3 and 2—Wait Mode Select 1 and 0 (WMSl/0): These bits select the wait mode. 

Bit 3 Bit 2 

WMS 1 WMSO Description 


0 

0 

Programmable wait mode 

(Initial value) 


1 

No wait states inserted by wait-state controller 


1 

0 

Pin wait mode 1 



1 

Pin auto-wait mode 
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Bits 1 and 0—^Wait Count 1 and 0 (WCl/0): These bits select the number of wait states inserted 
in access to external three-state-access areas. 

BK1 Bit 0 

WC1 WCO Description 


0 

0 

No wait states inserted by wait*state controller 



1 

1 state inserted 


1 

0 

2 states inserted 



1 

3 states inserted 

(Initial value) 


6.2.4 Wait State Control Enable Register (WCER) 

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external 
three-state-access areas by the wait-state controller. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


WCE 7 

WCE6 

WCE 5 

WCE 4 

WCE 3 

WCE 2 

WCE 1 

WCEO 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

R/W 

rmi 

R/W 

RAV 

R/W 

RAW 

RAW 

RAW 


Wait state controller enable 7 to 0 

These bits enable or disable wait-state control 


WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 0—^Wait-State Control Enable 7 to 0 (WCE7 to WCEO): These bits enable or disable 
wait-state control of external three-state-access areas. 


Bits 7 to 0 

WCE7toWCE0 Description 


0 

Wait-state control disabled (pin wait mode 0) 


1 

Wait-state control enabled 

(Initial value) 


113 










6.2.5 Bus Release Control Register (BRCR) 


BRCR is an 8 -bit readable/writable register that enables address output on bus lines A 23 to A 21 
and enables or disables release of the bus to an external device. 


Bit 


7 

6 

5 

4 

3 

2 

1 

0 


A 23 E 

A 22 E 

A21E 

— 

— 

— 

— 

BRLE 

initial value 

1 

1 

1 

1 

1 

1 

1 

0 

Read/ 

[Mode 1.2. 5 .6 ,7 — 

— 

— 

— 

— 

— 

— 

R/W 

Write 

[Mode 3,4 

RM 

FVW 

RAA/ 

— 

— 

— 

— 

R/W 


Address 23 to 21 enable Reserved bits Bus release enable 


These bits enable PA5 to 
PA4 to be used for A23 to 
A21 address output 


Enables or disables 
release of the bus to 
an external device 


BRCR is initialized to H’FE by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bit 7—^Address 23 Enable (A23E): Enables PA 4 to be used as the A 23 address output pin. 
Writing 0 in this bit enables A 23 address output from PA 4 . In modes other than 3 and 4 this bit 
cannot be modified and PA 4 has its ordinary input/oulput functions. 


Bit 7 

A 23 E Description 



PA4 is the A23 address output pin 


1 

PA4 is the PA4/TP4/TIOCA1 input/output pin 

(Initial value) 


Bit 6 —Address 22 Enable (A22E): Enables PA 5 to be used as the A 22 address output pin. 
Writing 0 in this bit enables A 22 address output from PA 5 . In modes other than 3 and 4 this bit 
cannot be modified and PA 5 has its ordinary input/output functions. 

Bite 


A 22 E 

Description 


0 

PA5 Is the A22 address output pin 


1 

PA5 Is the PAs/TPs/TIOCB-j input/output pin 

(Initial value) 
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Bit S—Address 21 Enable (A21E): Enables PA^ to be used as the A 21 address output pin. 
Writing 0 in this bit enables A 21 address output from PA^. In modes other than 3 and 4 this bit 
cannot be modified and PA^ has its ordinary input/output functions. 

BHS 


A21E 

Description 


0 

PAq is the A2i address output pin 


1 

PAg is the PA 6 /TP 6 /TIOCA 2 input/output pin 

(Initial value) 

Bits 4 to 1 —Reserved: Read-only bits, always read as 1 . 


BttO 

BRLE 

Description 


0 

The bus cannot be released to an external device; BREQ and BACK 
can be used as input/output pins 

(Initial value) 

1 

The bus can be released to an external device 
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63 Operation 

63.1 Area Division 


The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the 
1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6-2 shows a general view of the 
memory map. 







- ! 

H’OOOOO 

Area 0 (128 kbytes) 

HOOOOOO 

Area 0 (2 Mbytes) 

H*OOCXX) 

On-chip ROM*’ 


H’lFFFF 

HT FFFFF 

H'lFFFF 

Area 0 (128 kbytes) 


H‘20000 


H*200000 


H'20000 



H’SFFFF 

Areal (128kbytes) 

H*3FFFFF 

Area 1 (2 Mbytes) 

H’3FFFF 

Area 1 (128 kbytes) 


H’40000 


H'400000 


H*40000 



H’SFFFF 

Area 2 (128 kbytes) 

H'SFFFFF 

Area 2 (2 Mbytes) 

H'SFFFF 

Area 2 (128 kbytes) 


H’60000 


H‘600000 


H'60000 



H7FFFF 

Area 3 (128 kbytes) 

H7FFFFF 

Area 3 (2 Mbytes) 

H7FFFF 

Area 3 (128 kbytes) 


H‘80000 


H*800000 


H’80000 



H’SFFFF 

Area 4 (128 kbytes) 

H*9FFFFF 

Area 4 (2 Mbytes) 

H’9FFFF 

Area 4 (128 kbytes) 


HAOOOO 


H'AOOOOO 


HAOOOO 



H’BFFFF 

Area 5 (128 kbytes) 

H’BFFFFF 

Area 5 (2 Mbytes) 

H'BFFFF 

Area 5 (128 kbytes) 


H’COOOO 


H’COOOOO 


H’COOOO 



H'DFFFF 

Area 6 (128 kbytes) 

H’DFFFFF 

Area 6 (2 Mbytes) 

H’DFFFF 

Area 6 (128 kbytes) 


H'EOOOO 

Area 7 (128 kbytes) 

H’ECXXXX) 

Area 7 (2 Mbytes) 

H'EOOOO 

Area 7 (128 kbytes) 



On-chip RAM*’-** 


On-chip RAM*’-** 


On-chip RAM*’-** 



External address space*^ 


External address space*^ 

H’FFFFF 

On-chip registers 


H’FFFFF 

On-chip registers 

H’FFFFF 

On-chip registers*^ 




a. 1 -Mbyte modes 
(modes 1 and 2) 


b. 16-Mbyte modes with 
on-chip ROM disabled 
(modes 3 and 4) 


c. 1-Mbyte mode with 
on-chip ROM enabled 
(mode 5) 

Notes: 1. 

2. 

3. 

The on-chip ROM, on-chip RAM, and on-chip registers have a fixed bus width and are accessed in a 
fixed number of states. 

When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7. 

This external address area conforms to the specifications of area 7. 


Figure 6-2 Access Area Map for Modes 1 to 4 
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Chip select signals (CSq to CS 3 ) can be output for areas 0 to 3. The bus specifications for each 
area can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6-3. 

Table 6-3 Bus Specifications 


ABWCR 

ASTCR 

WCER 

WCR 


Bus Specifications 

ABWn 

ASTn 

WCEn 

WMS1 

WMSO 

Bus 

Width 

Access 

States 

Walt Mode 

0 

0 

— 

— 

— 

16 

2 

Disabled 


1 

0 

— 

— 

16 

3 

Pin wait mode 0 



1 

0 

0 

16 

3 

Programmable wait mode 





1 

16 

3 

Disabled 




1 

0 

16 

3 

Pin wait mode 1 





1 

16 

3 

Pin auto-wait mode 

1 

0 

— 

— 

— 

8 

2 

Disabled 


1 

0 

— 

— 

8 

3 

Pin wait mode 0 



1 

0 

0 

8 

3 

Programmable wait mode 





1 

8 

3 

Disabled 




1 

0 

8 

3 

Pin wait mode 1 





1 

8 

3 

Pin auto-wait mode 


Note: n = 0 to 7 
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63.2 Chip Select Signals 

For each of areas 0 to 3, the H8/3042 Series can output a chip select signal (CSq to CS 3 ) that goes 
low to indicate when the area is selected. Figure 6-3 shows the output timing of a CSn signal 
(n = 0to3). 

Output of the CS„ signal is enabled or disabled in the data direction register (DDR) of the 
corresponding port A reset leaves pin CSq in the ouq}ut state and pins CSj to CS 3 in the input 
state. To output chip select signals CS| to CS 3 , the corresponding DDR bits must be set to 1. 

For details see section 9, I/O Ports. 

When the on-chip ROM is accessed, CSq goes low but the AS, RD, HWR, and LWR signals 
remain high. The CS„ signals are decoded from the address signals. They can be used as chip 
select signals for SRAM and other devices. 



Address 

bus 


X 


External address in area n 



CSn 


Figure 6-3 CS„ Output Timing (n = 0 to 3) 









633 Data Bus 


The H8/3042 Series allows either 8 -bit access or 16-bit access to be designated for each of 
areas 0 to 7. An 8 -bit-access area uses the upper data bus (D 15 to Dg). A 16-bit-access area uses 
both the upper data bus (D 15 to Dg) and lower data bus (D 7 to Dq). 

In read access the RD signal applies without distinction to both the upper and lower data bus. In 
write access the HWR signal applies to the upper data bus, and the LWR signal applies to the 
lower data bus. 

Table 6-4 indicates how the two parts of the data bus are used under different access conditions. 


Table 6-4 Access Conditions and Data Bus Usage 


Area 

Access 

Size 

Read/ 

Write 

Address 

Valid 

Strobe 

Upper Data Bus 
(DistoDg) 

Lower Data Bus 
(Dr to Do) 

8 *bit*acc6ss 

— 

Read 

— 

RD 

Valid 

invalid 

area 


Write 

— 

HWR 


Undetermined data 

16 -bit-access 

Byte 

Read 

Even 

RD 

Valid 

Invalid 

area 



Odd 


invalid 

Valid 



Write 

Even 

HWR 

Valid 

Undetermined data 




Odd 

LWR 

Undetermined data 

Valid 


Word 

Read 

— 

RD 

Valid 

Valid 



Write 

— 

HWR. LWR 

Valid 

Valid 


Note; Undetermined data means that unpredictable data is output. 

Invalid means that the bus is in the input state and the input is ignored. 
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63.4 Bus Control Signal Timing 

8 -Bit, Three-State-Access Areas: Figure 6-4 shows the timing of bus control signals for an 
three-state-access area. The upper address bus (D 15 to Dg) is used to access these areas. The 
pin is always high. Wait states can be inserted. 



Figure 6-4 Bus Control Signal Timing for 8 -Bit, Three-State-Access Area 
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8 -Bit, Two-State-Access Areas: Figure 6-S shows the timing of bus control signals for an 8-bit, 
two-state-access area. The upper address bus (Djs to Dg) is used to access these areas. The LWR 
pin is always high. Wait states cannot be inserted. 



Figure 6-5 Bus Control Signal Timing for 8-Bit, Two-State-Access Area 
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16-Bit, Three-State-Access Areas: Figures 6-6 to 6-8 show the timing of bus control signals for a 
16-bit, three-state-access area. In these areas, the upper address bus (D 15 to Dg) is used to access 
even addresses and the lower address bus (I >7 to Dq) is used to access odd addresses. Wait states 
can be inserted. 



Figure 6-6 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1) 
(Byte Access to Even Address) 
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Figure 6-8 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3) 

(Word Access) 










16-Bit, Two-State-Access Areas: Figures 6-9 to 6-11 show the timing of bus control signals for a 
16-bit, two-state-access area. In these areas, the upper address bus (D 15 to Dg) is used to access 
even addresses and the lower address bus (D 7 to Dq) is used to access odd addresses. Wait states 
cannot be inserted. 



Figure 6-9 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1) 
(Byte Access to Even Address) 
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Figure 6-10 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2) 
(Byte Access to Odd Address) 
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Figure 6-11 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3) 

(Word Access) 
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6 J.5 Wait Modes 


Four wait inodes can be selected for each area as shown in table 6-S. 
Table 6-5 Wait Mode Selection 
ASTCR WCER WCR 


ASTn Bit 

WCEn Bit 

WMS1 Bit 

WMSO BH 

WSC Control 

Walt Mode 

0 

—- 

— 

— 

Disabled 

No wait states 

1 

0 

— 

— 

Disabled 

Pin wait mode 0 


1 

0 

0 

Enabled 

Programmable wait mode 




1 

Enabled 

No wait states 



1 

0 

Enabled 

Pin wait mode 1 




1 

Enabled 

Pin auto-wait mode 


Note: n = 7 to 0 


The ASTn and WCEn bits can be set independently for each area. Bits WMS1 and WMSO apply 
to all areas. All areas for which WSC control is enabled operate in the same wait mode. 
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Pin Wait Mode 0: The wait state controller is disabled. Wait states ca n only b e inserted by WATT 
pin control. During access to an external three-state-access area, if the WAIT pin is low at the fall 
of the system clock ( 0 ) in the T 2 state, a wait state (Tw) is inserted. If the WAIT pin remains low, 
wait states continue to be inserted until the WAIT signal goes high. Figure 6-12 shows the timing. 
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Pin Wait Mode 1: In all acxesses to external three-state-access areas, the number of wait states 
(T^) selected by bits WCl and WCO are inserted. If the WAIT pin is low at the fall of the system 
clock (0) in the last of these wait states, an additional wait state is inserted. If the WAIT pin 
remains low, wait states continue to be inserted until the WATT signal goes high. 

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers 
of wait states for different external devices. 

If the wait count is 0, this mode operates in the same way as pin wait mode 0. 

Figure 6-13 shows the timing when the wait count is 1 (WCl = 0, WCO = 1) and one additional 
wait state is inserted by WAIT input 


Inserted by Inserted by 


U rU ^ 

wait count 

Tw 

WAIT signal 

Tw 

-I 

r "^r 





j 

WAIT pin 


♦ t* 



Address 


bus3^ 


External address 


)C 


AS 


r 


Read J 
access 1 


RD 


Data bus 


r 


Write J 
access 1 


HWR, LWR 


Data bus 


Read data 



Write data 



Note: ♦ Arrows indicate time of sampling of the WAIT pin. 


Figure 6-13 Pin Wait Mode 1 
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Pin Auto-Wait Mode: If the WATT pin is low, the number of wait states (Tv^) selected by bits 
WCl and WCO are inserted. 


In pin auto-wait mode, if the WATT pin is low at the fall of the system clock ( 0 ) in the T 2 state, 
the number of wait states (T^) selected by bits WCl and WCO are inserted. No additional wait 
states are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy 
interface to low-speed memory, simply by routing the chip select signal to the WATT pin. 


Figure 6-14 shows the timing when the wait count is 1. 
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Programmable Wait Mode: The number of wait states (Tw) selected by bits WCl and WCO are 
inserted in all accesses to external three-state-access areas. Figure 6-15 shows the timing when the 
wait count is 1 (WCl = 0, WCO = 1). 



Figure 6-15 Programmable Wait Mode 
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to ITFF and 
WCR to ITFS, selecting programmable wait mode and three wait states for all areas. Software can 
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings. 
Figure 6-16 shows an example of wait mode settings. 
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Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR. 


Figure 6-16 Wait Mode Settings (Example) 
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63.6 Interconnections with Memory (Example) 

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus 
width. In three-state-access areas, wait states can be inserted in a variety of modes, simplifying the 
connection of both high-speed and low-speed devices. 

Figure 6-18 shows an example of interconnections between the H8/3()42 Series and memory. 
Figure 6-17 shows a memory map for this example. 

A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states via a 
16-bit bus. 

Two 32-kword x 8-bit SRAM devices (SRAMl and SRAM2) are connected to area 1. These 
devices are accessed in two states via a 16-bit bus. 

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 2. This device is accessed via an 
8-bit bus, using three-state access with an additional wait state inserted in pin auto-wait mode. 
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Figure 6-18 Interconnections with Memory (Example) 
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63.1 Bus Arbiter Operation 


The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 
are four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus 
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each 
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter 
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can 
then operate using the bus. 

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and 
returns an acknowledge signal to the bus master if the bus request signal is active. When two or 
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal. 
The bus master that receives an acknowledge signal can continue to use the bus until the 
acknowledge signal is deactivated. 

The bus master priority order is: 

(High) External bus master > refresh controller > DMAC > CPU (Low) 

The bus arbiter samples the bus request signals and determines priority at all times, but it does not 
always grant the bus immediately, even when it receives a bus request from a bus master with 
higher priority than the current bus master. Each bus master has certain times at which it can 
release the bus to a higher-priority bus master. 

CPU: The CPU is the lowest-priority bus master. If the DMAC, refresh controller, or an external 
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right 
to the bus master that requested it The bus right is transferred at the following times: 

• The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two 
consecutive byte accesses, however, the bus right is not transferred between the two byte 
accesses. 

• If another bus master requests the bus while the CPU is performing internal operations, such 
as executing a multiply or divide instruction, the bus right is transferred immediately. The 
CPU continues its internal operations. 

• If another bus master requests the bus while the CPU is in sleep mode, the bus right is 
transferred immediately. 
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus 
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests 
the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the 
bus. The bus right is transferred at the following times. 

The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC 
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between 
the read cycle and the write cycle. 

There is a priority order among the DMAC channels. For details see section 8.4.9, Multiple- 
Channel Operation. 

Refresh Controller: When a refresh cycle is requested, the refresh controller requests the bus 
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the 
bus. For details see section 7, Refresh Controller. 

External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an 
external bus master. The external bus master has highest priority, and requests the bus right from 
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps 
the bus right until the BREQ signal goes high. While the bus is released to an external bus master, 
the H8/3042/1/0 holds the address bus and data bus control signals (AS, RD, HWR, and LWR) in 
the high-impedance state, and holds the BACK pin in the low output state. 

The bus arbiter samples the BREQ pin at the rise of the system clock (0). If BREQ is low, the bus 
is released to the external bus master at the appropriate opportunity. The BREQ signal should be 
held low until the BACK signal goes low. 

When the BREQ pin is high in two consecutive samples, the BACK signal is driven high to end 
the bus-release cycle. 
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Figure 6-19 shows the timing when the bus right is requested by an external bus master during a 
read cycle in a two-state-access area. There is a minimum interval of two states from when the 
BREQ signal goes low until the bus is released. 
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1 Low B REQ signal is sampled at rise of Tq state. 

2 BACK signal goes low at end of CPU read cycle, releasing bus right to external bus master. 

3 BREQ pin continues to be sampled while bus is released to external bus master. 

4, 5 High B REQ signal is sampled twice consecutively. 

6 BREQ signal goes high, ending bus-release cycle. 


Figure 6-19 External-Bus-Released State (Two-State-Access Area, During Read Cycle) 
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6.4 Usage Notes 

6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM 

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is 
connected to area 3. For details see section 7, Refresh Controller. 

6.4.2 Register Write Timing 

ABWCR, ASTCR, and WCER Write Timing: Data written to ABWCR, ASTCR, or WCER 
takes effect starting from the next bus cycle. Figure 6-20 shows the timing when an instruction 
fetched from area 0 changes area 0 from three-state access to two-state access. 
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Figure 6-20 ASTCR Write Timing 
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DDR Write Timing: Data written to a data direction register (DDR) to change a CS„ pin from 
CS„ output to generic input, or vice versa, takes effect starting from the T 3 state of the DDR write 
cycle. Figure 6-21 shows the timing when the CSi pin is changed from generic input to CSj 
output 
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Figure 6-21 DDR Write Timing 


BRCR Write Timing: Data written to switch between A 23 , A 22 , or A 21 output and generic input 
or output takes effect starting from the T 3 state of the BRCR write cycle. Figure 6-22 shows the 
timing when a pin is changed from generic input to A 23 , A 22 , or A 21 output 
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Figure 6-22 BRCR Write Timing 
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6.4 J BREQ Input Timing 


After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high 
level before BACK goes low, the bus arbit^ may operate incorrectly. 


To terminate the extemal-bus-released state, hold the BREQ signal high for at least three states. 
If BREQ is high for too short an interval, the bus arbiter may operate incorrectly. 
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Section 7 Refresh Controller 


7.1 Overview 

The H8/3042 Series has an on-chip refresh controller that enables direct connection of 16-bit-wide 
DRAM or pseudo-static RAM (PSRAM). 

DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space. 

A maximum 128 kbytes can be connected in modes 1,2 and 5 (1-Mbyte modes). A maximum 
2 Mbytes can be connected in modes 3 and 4 (16-Mbyte modes). 

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as 
an 8-bit interval timer. 

7.1.1 Features 

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo¬ 
static RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed 
below. 

Features as a DRAM Refresh Controller 

• Enables direct connection of 16-bit-wide DRAM 

• Selection of 2CAS or 2WE mode 

• Selection of 8-bit or 9-bit column address multiplexing for DRAM address input 
Examples: 

— 1-Mbit DRAM: 8-bit row address x 8-bit column address 

— 4-Mbit DRAM: 9-bit row address x 9-bit column address 

— 4-Mbit DRAM: 10-bit row address x 8-bit column address 

• CAS-before-RAS refresh control 

• Software-selectable refresh interval 

• Software-selectable self-refresh mode 

• Wait states can be inserted 

Features as a Pseudo-Static RAM Refresh Controller 

• RFSH signal output for refresh control 

• Software-selectable refresh interval 

• Software-selectable self-refresh mode 

• Wait states can be inserted 
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Features as an Interval Timer 

• Refresh timer counter (RTCNT) can be used as an 8-bit up-counter 

• Selection of seven counter clock sources: 0/2,0/8,0/32,0/128,0/512,0/2048,0/4096 

• Interrupts can be generated by compare match between RTCNT and the refresh time constant 
register (RTCOR) 

7.1.2 Block Diagram 

Figure 7-1 shows a block diagram of the refresh controller. 

0/2, 0/8, 0/32, 

0 / 1 28, 0/512, Refresh signal 



Legend 

RTCNT: Refresh timer counter 
RTCOR: Refresh time constant register 
RTMCSR: Refresh timer control/status register 
RFSHCR: Refresh control register 


Figure 7-1 Block Diagram of Refresh Controller 
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7.1 J Input/Output Pins 

Table 7-1 summarizes the refresh controller’s input/output pins. 
Table 7-1 Refresh Controller Pins 


Signal 


Pin 

Name 

Abbr. 

I/O 

Function 

RFSH 

Refresh 

RFSH 

Output 

Goes low during refresh cycles; used 
to refresh DRAM and PSRAM 

HWR 

Upper write/upper cx}iumn 
address strobe 

UW/UCAS 

Output 

Connects to the DW pin of 2WE 

DRAM or UCAS pin of 2 CAS DRAM 

LWR 

Lower write/lower column 
address strobe 

Lw/lCas 

Output 

Connects to the LW pin of 2 WE DRAM 
or LCAS pin of 2CAS DRAM 

RD 

Column address strobe/ 
write enable 

CAS/WE 

Output 

Connects to the CAS pin of 2 WE 

DRAM or WE pin of 2 CAS DRAM 


Row address strobe 

R^ 

Output 

Connects to the RAS pin of DRAM 


7.1.4 Register Configuration 

Table 7-2 summarizes the refresh controller’s registers. 

Table 7-2 Refresh Controller Registers 


Address* 

Name 

Abbreviation 

R/W 

Initiai Value 

H'FFAC 

Refresh control register 

RFSHCR 

R/W 

H *02 

H’FFAD 

Refresh timer control/status register 

RTMCSR 

RAW 

H ’07 

H'FFAE 

Refresh timer counter 

RTCNT 

R/W 

H'OO 

H’FFAF 

Refresh time constant register 

RTCOR 

RAW 

H’FF 


Note: * Lower 16 bits of the address. 
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7.2 Register Descriptions 

7.2.1 Refresh Control Register (RFSHCR) 


RFSHCR is an 8-bit rcadable/writable register that selects the op^dng mode of the refresh 
controller. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


SRFMD 

PSRAME 

DRAME 

CAS/WE 

M 9 /^ 

RFSHE 

— 

RCYCE 

Initial value 

0 

0 

0 

0 

0 

0 

1 

0 

Read/Write 

R/\N 

RAN 

RAN 

RAN 

RAN 

RAN 

— 

RAN 


Reserved bit 

Refresh pin enable 
Enables refresh signal output 
from the refresh pin 

Address multiplex mode select 
Selects the number of column address bits 

Strobe mode select 

Selects 2CAS or 2 WE strobing of DRAM 


PSRAM enable and DRAM enable 

These bits enable or disable connection of pseudo>static RAM and DRAM 

Self-refresh mode 

Selects self-refresh mode 


RFSHCR is initialized to H’02 by a reset and in hardware standby mode. 


Refresh cycle 
enable 

Enables or 
disables 
Insertion of 
refresh cycles 
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Bit 7—Self-Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh 
during software standby mode. When PSRAME = 1 and DRAME = 0, after the SRFMD bit is set 
to 1, pseudo-static RAM can be self-refreshed when the H8/3042/1/0 enters software standby 
mode. When PSRAME = 0 and DRAME = 1, after the SRFMD bit is set to 1, DRAM can be self- 
refreshed when the H8/3()42/l/0 enters software standby mode. In either case, the normal access 
state resumes on exit from software standby mode. 


Bit 7 

SRFMD Description 


0 

DRAM or PSRAM self-refresh is disabled in software standby mode 

(Initial value) 

1 

DRAM or PSRAM self-refresh is enabled in software standby mode 



Bit 6—^PSRAM Enable (PSRAME) and Bit 5—^DRAM Enable (DRAME): These bits enable 
or disable connection of pseudo-static RAM and DRAM to area 3 of the external address space. 

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3 
consist of three states, regardless of the setting in the access state control register (ASTCR). If 
AST3 = 0 in ASTCR, wait states caimot be inserted. 

When the PSRAME or DRAME bit is set to 1, bits 0,2,3, and 4 in RFSHCR and registers 
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be 
cleared by writing 0. 

Bit 6 Bit 5 

PSRAME DRAME Description 


0 

0 

Can be used as an interval timer 

(Initial value) 


1 

DRAM can be connected 


1 

0 

PSRAM can be connected 



1 

Illegal setting 
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Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is 
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or 
DRAME bit is set to 1. 


Bit 4_ 

CAS/WE Description 


0 

2 WE mcxie 

(Initial value) 

1 

2 CAS mode 



Bit 3—^Address Multiplex Mode Select (M9/MS): Selects 8-bit or 9-bit column addressing. 
The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled 
when the PSRAME or DRAME bit is set to 1. 

Blt^ 

M9/M8 Description 


0 

8-bit column address mode 

(Initial value) 

1 

9 -bit column address mode 



Bit 2—^Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the 
RFSH pin. This bit is write-disabled when the PSRAME or DRAME bit is set to 1. 

Bit 2 


RFSHE 

Description 


0 

Refresh signal output at the RFSH pin is disabled 
(the RFSH pin can be used as a generic input/output port) 

(Initial value) 

1 

Refresh signal output at the RFSH pin is enabled 



Bit 1—^Reserved: Read-only bit, always read as 1. 

Bit 0—^Refresh Cycle Enable (RCYCE): Enables or disables insertion of refresh cycles. 
The setting of this bit is valid when PSRAME = 1 or DRAME = 1. When PSRAME = 0 and 
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit. 

BitO 

RCYCE Description 


0 

Refresh cycles are disabled 

(Initial value) 

1 

Refresh cycles are enabled for area 3 
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7.22 Refresh Timer Control/Status Register (RTMCSR) 

RTMCSR is an 8-bit readable/writable register that selects the clock source for RTCNT. It also 
enables or disables interrupt requests when the refresh controller is used as an interval timer. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


CMF 

CMIE 

CKS 2 

CKS1 

CKSO 

— 

— 

— 

Initial value 

0 

0 

0 

0 

0 

1 

1 

1 

Read/Write 

R/(W)* 

RAV 

rwj 

RAV 

R^V 

— 

— 

— 


Clock select 2 to 0 Reserved bits 

These bits select an 
internal clock source 
for input to RTCNT 

Compare match Interrupt enable 

Enables or disables the CMI interrupt requested by CMF 

Compare match flag 

Status flag indicating that RTCNT has matched RTCOR 
Note: ♦ Only 0 can be written, to clear the flag. 


Bits 7 and 6 are initialized by a reset and in standby mode. Bits 5 to 3 are initialized by a reset and 
in hardware standby mode, but retain their previous values on transition to software standby 
mode. 

Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR 
values have matched. 


Bit 7 


CMF 

Description 

0 

[Clearing condition] 

Cleared by reading CMF when CMF = 1, then writing 0 in CMF 

1 

[Setting condition] 

When RTCNT-RTCOR 
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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt 
requested when the CMF flag is set to 1 in RTMCSR. The CMDE bit is always cleared to 0 when 
PSRAME = 1 or DRAME = 1. 

Bite 

CMIE Description 


0 

The CMI interrupt requested by CMF is disabled 

(Initial value) 

1 

The CMI interrupt requested by CMF is enabled 


Bits 5 to 3—Clock Select 2 to 0 (CKS2 to CKSO): These bits select an internal clock source for 
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh reqi^st at 
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an 
interval Utoct, the refresh controller generates CMI interrupts at periodic intervals determined by 
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1. 

Bits 

CKS2 

Bit 4 
CKS1 

Bits 

CKSO 

Description 


0 

0 

0 

Clock input is disabled 

(Initial value) 



1 

0/2 clock source 



1 

0 

0/8 clock source 




1 

0/32 clock source 


1 

0 

0 

0/128 clock source 




1 

0/512 clock source 



1 

0 

0/2048 clock source 




1 

0/4096 clock source 



Bits 2 to 0—Reserved: Read-only bits, always read as 1. 










7.2 J Refresh Timer Counter (RTCNT) 

RTCNT is an 8-bit readable/writable up-counter. 

Bit 76543210 


Initial value 00000000 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

RTCNT is an up-counter that is incremented by an internal clock selected by bits CKS2 to CKSO 
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set to 1 and 
RTCNT is cleared to H’OO. 

RTCNT is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCNT is initialized 
to H'OO by a reset and in standby mode. 

7.2.4 Refresh Time Constant Register (RTCOR) 

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is 
cleared. 

Bit 76543210 


Initial value 11111111 
ReadMrite R/W R/W RAN RAN RAN RAN RAN RAN 

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1 
in RTMCSR, and RTCNT is simultaneously cleared to H’OO. 

RTCOR is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR is initialized 
to HEF by a reset and in hardware standby mode. In software standby mode it retains its previous 
value. 
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7.3 Operation 

73.1 Area Division 

One of three functions can be selected for the HS/3042 Series refresh controller: interfacing to 
DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval 
timing. Table 7-3 summarizes the register settings when these three functions are used. 

Table 7-3 Refresh Controller Settings 




Usage 


Register Settings 

DRAM Interface PSRAM Interface 

Interval Timer 

RFSHCR 

SRFMD 

Selects self-refresh mode 

Cleared to 0 


PSRAME 

Cleared to 0 Set to 1 

Cleared to 0 


DRAME 

Set to 1 Cleared to 0 

Cleared to 0 


CAS/WE 

Selects 2CAS or — 

2WE mode 

— 


M9/M8 

Selects column — 

addressing mode 

— 


RFSHE 

Selects RFSH signal output 

Cleared to 0 


RCYCE 

Selects insertion of refresh cycles 

—• 

RTCOR 


Refresh interval setting 

Interrupt interval setting 

RTMCSR 

CKS 2 to CKSO 




CMF 

Set to 1 when RTCNT = RTCOR 



CMIE 

Cleared to 0 

Enables or disables 
interrupt requests 

P 8 DDR 

P 81 DDR 

Set to 1 (CS 3 output) 

Set to 0 or 1 

ABWCR 

ABW3 

Cleared to 0 — 

— 


DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR, 
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1. 
Set bit PSiDDR to 1 in the port 8 data direction register (P 8 DDR) to enable CS 3 output. In 
ABWCR, make area 3 a 16-bit-access area. 

Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initialize 
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit 
DRAME to 0. Set bit PSjDDR to 1 in P 8 DDR to enable CS 3 output. 
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Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an 
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1. 
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits 
CKS2 to CKSO in RTMCSR. 

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = 0. 
Writing is disabled when either of these bits is set to 1. 

132 DRAM Refresh Control 

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is 
determined by the settings of RTCOR and bits CKS2 to CKSO in RTMCSR. Figure 7-2 illustrates 
the refresh request interval. 


RTCOR 


H'OO 

Refresh request_| |_| |_| |_| |_| | 


Figure 7-2 Refresh Request Interval (RCYCE = 1) 

Refresh requests are generated at regular intervals as shown in figure 7-2, but the refresh cycle is 
not actually executed until the refresh controller gets the bus right 

Table 7-4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and 
refresh cycles. 
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Table 7-4 Area 3 Settings, DRAM Access Cycles, and Refresh Cycles 


Area 3 Settings 

ReadAVrite Cycle by CPU or DMAC 

Refresh Cycle 

2-state-access area 

• 3 states 

• 3 states 

(AST3 - 0) 

• Wait states cannot be inserted 

• Watt states cannot be inserted 

3-state-access area 

• 3 states 

• 3 states 

it 

• Wait states can be inserted 

• Wait states can be inserted 


To insert refresh cycles, set the RCYCE bit to 1 in RFSHCR. Figure 7-3 shows the state 
transitions for execution of refresh cycles. 

When the first refresh request occurs after exit from the reset state or standby mode, the refresh 
controller does not execute a refresh cycle, but goes into the refresh request pending state. Note 
this point when using a DRAM that requires a refresh cycle for initialization. 

When a refresh request occurs in the refresh request pending state, the refresh controller acquires 
the bus right, then executes a refresh cycle. If another refresh request occurs during execution of 
the refresh cycle, it is ignored. 



Note: ♦ A refresh request is ignored if it occurs while the refresh controller Is requesting the 
bus right or executing a refresh cycle. 


Figure 7-3 State Transitions for Refresh Cycle Execution 
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Address Multiplexing: Address multiplexing depends on the setting of the M9/M8 bit in 
RFSHCR, as described in table 7-5. Figure 7-4 shows the address output timing. Address output is 
multiplexed only in area 3. 


Table 7-5 Address Multiplexing 



Address 

bus 


A23 to Ag , Aq 


Ag to A 1 


A 23 tO Ag, Aq 


Row address 

a. m/m = 0 


A-ie to Ag 
Column address 


Address 

bus 


A 23 tO A-iq, Aq 


Ag to A ^ 


A23to A^q, Aq 


AgtoA, ^ 
Row address 

b. M9/M8 = 1 


A^g to A^o 
Column address 



Figure 7-4 Multiplexed Address Output (Example without Wait States) 
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit- 
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins 
correspond to H8/3042/1A) pins as shown in table 7-6. 

Table 7-6 DRAM Pins and H8/3003 Pins 




DRAM Pin 

H8/3042/1/0 Pin 

CAS/We = 0 (2WE mode) 

CAS/WE = 1 (26aS mode) 

HWR 

Dw 

UCAS 

LWR 

LW 

LCAS 

RD 


WE 


RAS 

RAS 


Figure 7-5 (1) shows the interface timing for 2WE DRAM. Figure 7-5 (2) shows the interface 
timing for 2CAS DRAM. 
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Read cycle 


• .rLTL 

Row X Column 


Write cyde* 


Refresh cycle 


(RAS) 


l x Row X " 


Column 


^ Area 3 top address !)( 


HWR 

(DC^) 

LWR 

(L5a§) 

RD 

(WE) 


RFSH 


AS 


i 

i 


i 


Note: * 16-bit access 

Figure 7-5 DRAM Control Signal Output Timing (2) (2 CaS Mode) 

Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 

(High) External bus master > refresh controller > DMA controller > CPU (Lx)w) 

For details see section 6.3.7, Bus Arbiter Operation. 

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, bus controller settings can cause 
wait states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait 
Modes. 
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRI^MD bit is 
set to 1 in RFSHCR, when a transition to software standby mode occurs, the CAS and RAS 
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from 
software standby mode, the CAS and RAS outputs both go high. 


Table 7-7 shows the pin states in software standby mode. Figure 7-6 shows the signal output 
timing. 

Table 7-7 Pin States in Software Standby Mode (1) (PSRAME = 0, DRAME = 1) 




Software Standby Mode 



SRFMD = 0 

SRFMD = 

1 (self-refresh mode) 

Signal 

CAS/WE = 0 

CAS/WE = 1 

CAS/Wl=0 

CAS/WE = 1 

HWR 

High-impedanc 0 

High-impedance 

High 

Low 

LWR 

High-impedance 

High-impedance 

High 

Low 

RD 

High-impedance 

High-impedance 

Low 

High 

cs; 

High 

High 

Low 

Low 

RFSH 

High 

High 

Low 

Low 
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a. 2 WE mode (SRFMD = 1) 


Address 

bus 


CS 3 (RAS) 


Software 
standby mode 


High-impedance 


Oscillator 
settling time 



Figure 7-6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRAME = 1) 
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCT^T is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 

Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7-7 shows typical 
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7-8 shows 
a setup procedure to be followed by a program for this example. After power-up the DRAM must 
be refreshed to initialize its internal state. Initialization takes a certain length of time, which can 
be measured by using an interrupt from another timer module, or by counting the number of times 
RTMCSR bit 7 (CMF) is set. Note that no refresh cycle is executed for the first refresh request 
after exit from the reset state or standby mode (the first time the CMF flag is set; see figure 7-3). 
When using this example, check the DRAM device characteristics carefully and use a procedure 
that fits them. 



Figure 7-7 Interconnections and Address Map for 2WE 1-Mbit DRAM (Example) 
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Figure 7-8 Setup Procedure for 2WE 1-Mbit DRAM (1-Mbyte Mode) 


161 










Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7-9 shows typical 
interconnections to a single 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7-10 
shows a setup procedure to be followed by a program for this example. 


The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area 
isH’600000toH’67FFFF. 



Figure 7-9 Interconnections and Address Map for 2WE 4-Mbit DRAM (Example) 
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DRAM can be accessed 


Figure 7-10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and 
8-Bit Column Address (16-Mbyte Mode) 
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte Mode): Figure 7-11 shows typical 
interconnections to a single 2CAS 4-Mbit DRAM, and the corresponding address map. 

Figure 7-12 shows a setup procedure to be followed by a program for this example. 

The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address area 
is ir600000 to ir67FFFF. 


2 CAS 4-Mbit DRAM with 9-bit 
row address. 9-bit column address, 
and X 16-bit organization 



a. Interconnections (example) 


H’600000 

H’67FFFF 

H’680000 


H7FFFFF 


b. Address map 


Figure 7-11 Interconnections and Address Map for 2CAS 4-Mbit DRAM (Example) 


DRAM area 


, Not used' 




Area 3 (16-Mbyte mode) 
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DRAM can be accessed 


Figure 7-12 Setup Procedure for 2CAS 4-Mbit DRAM with 9-Bit Row Address and 
9-Bit Column Address (16-Mbyte Mode) 
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Example 4: Connection to Two 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7-13 shows 
an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding address 
map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits A 19 
and A 20 . 

Figure 7-14 shows a setup procedure to be followed by a program for this example. The DRAM 
in this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed 
simultaneously, so the RFSH pin must be used. 


Ha^3042/1/0 


Ai9 
Agto A) 


RFSH 
D,5 to Do 


2 CAS 4-Mbit DRAM with 9-bit 
row address, 9-bit column 
address, and x 16-bit organization 



As tD Aq 


RAS 


UCAS 

No. 1 



WE 


OE 


I/O, 5 to I/Oq 



Ag to Aq 


OE 

1/0,5 to l/Oo 


a. Interconnections (example) 


H’600000 

No. 1 

H’67FFFF 

DRAM area 

H'680000 

No. 2 

H-6FFFFF 

DRAM area 

H700000 



J Not used^' 



H7FFFFF 



b. 


Area 3 (16-Mbyte mode) 


b. Address map 


Figure 7-13 Interconnections and Address Map for Multiple 2CAS 4-Mbit DRAM Chips 

(Example) 
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DRAM can be accessed 


Figure 7-14 Setup Procedure for Multiple 2CAS 4-Mbit DRAM Chips with 9-Bit 
Row Address and 9-Bit Column Address (16-Mbyte Mode) 


167 











133 Pseudo-Static RAM Refresh Control 


Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is 
determined as in a DRAM interface, by the settings of RTCOR and bits CKS2 to CKSO in 
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh 
cycles are the same as for DRAM (see table 7-4). The state transitions are as shown in figure 7-3. 

Pseudo-Static RAM Control Signals: Figure 7-15 shows the control signals for pseudo-static 
RAM read, write, and refresh cycles. 
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 

(High) External bus master > refresh controller > DMA controller > CPU (Low) 

For details see section 6.3.7, Bus Arbiter Operation. 

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, the wait state controller (WSQ can 
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes. 

Seif-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the 
SRFMD bit is set to 1 in RFSHCR, when a transition to software standby mode occurs, the 
H8/3042/lA)’s CS 3 output goes high and its RFSH output goes low so that the pseudo-static RAM 
self-refresh function can be used. On exit from software standby mode, the RFSH output goes 
high. 

Table 7-8 shows the pin states in software standby mode. Figure 7-16 shows the signal output 
timing. 

Table 7-8 Pin States in Software Standby Mode (2) (PSRAME = 1, DRAME = 0) 


Software Standby Mode 


signal 

SRFMD s 0 

SRFMD s 1 (self-refresh mode) 


High 

High 

RD 

High-impedance 

High-impedance 

HWR 

High-impedance 

High-impedance 

LWR 

High-impedance 

High-impedance 

RFSH 

High 

Low 
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 


170 









Example: Pseudo-static RAM may have separate OE and RFSH pins, or these may be combined 
into a single OE/RFSH pin. Figure 7-17 shows an example of a circuit for generating an 
OE/RFSH signal. Check the device characteristics carefully, and design a circuit that fits them. 
Figure 7-18 shows a setup procedure to be followed by a program. 



Figure 7-17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example) 
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Set P 8 -I DDR to 1 for CS 3 output 



Figure 7-18 Setup Procedure for Pseudo-Static RAM 
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73.4 Interval Timing 

To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After 
setting RTCOR, select a clock source with bits CKS2 to CKSO in RTMCSR, and set the CMIE bit 
to 1. 

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag 
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values 
match. The compare match signal is generated in the last state in which the values match (when 
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and 
RTCOR match, the compare match signal is not generated until the next counter clock pulse. 
Figure 7-19 shows the timing. 


0 1 

U 

n 


RTCNT N X H'OO 


RTCOR N 

Compare 

matr^h ftinnnl 1 







CMF flag 





Figure 7-19 Timing of Setting of CMF Flag 


Operation in Power-Down State: The interval timer function operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6 
are initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to 
software standby mode. 
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Contention between RTCNT Write and Counter Clear: If a counter clear signal occurs in the 
T 3 state of an RTCNT write cycle, clearing of the counter takes priority and the write is not 
performed. See figure 7-20. 



Counter 
clear signal 



RTCNT 



Figure 7-20 Contention between RTCNT Write and Clear 
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Contention between RTCNT Write and Increment: If an increment pulse occurs in the T 3 state 
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7-21. 


RTCNT write cycle by CPU 



internal 
write signal 

RTCNT 
input clock 



Figure 7-21 Contention between RTCNT Write and Increment 
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Contention between RTCOR Write and Compare Match: If a compare match occurs in the T 3 
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited. 
See figure 7-22. 



RTCOR 

Compare 
match signal 



inhibited 


Figure 7-22 Contention between RTCOR Write and Compare Match 

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may 
cause RTCNT to increment, depending on the switchover timing. Table 7-9 shows the relation 
between the time of the switchover (by writing to bits CKS2 to CKSO) and the operation of 
RTCNT. 

The RTCNT input clock is generated from the internal clock source by detecting the falling edge 
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in 
case No. 3 in table 7-9, the switchover will be regarded as a falling edge, an RTCNT clock pulse 
will be generated, and RTCNT will be incremented. 
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Table 7*9 Internal Clock Switchover and RTCNT Operation 


CKS2toCKS0 
No. Write Timing 


RTCNT Operation 







Table 7-9 Internal Clock Switchover and RTCNT Operation (cont) 


No. 


CKS2 to CKSO 

Write Timing RTCNT Operation 


High -»low switchover*^ 


Old clock 
source 

New clock 


J 


J 

RTCNT n 

clock _ 1 


to 

^_n 




RTCNT N ; 


1 


nil 




CKS bits rewritten 


4 High high switchover 


Old clock 
source 



New clock 
source 

RTCNT 

clock 



RTCNT N X U + ^ X N + 2 ) ( 


CKS bits rewritten 


Notes: 1. Including switchover from a high clock source to the halted state. 

2 . The switchover is regarded as a falling edge, causing RTCNT to Increment. 
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7.4 Interrupt Source 


Compare match interrupts (CMI) can be generated when the refresh controller is used as an 
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of 


RTMCSR. 


7.5 Usage Notes 

When using the DRAM or pseudo-static RAM refresh function, note the following points: 

• Refresh cycles are not executed while the bus is released, during software standby mode, and 
when a bus cycle is greatly prolonged by insertion of wait states. When these conditions 
occur, other means of refreshing are required. 

• If refresh requests occur while the bus is released, the first request is held and one refresh 
cycle is executed after the bus-released state ends. Figure 7-23 shows the bus cycles in this 
case. 



Figure 7-23 Refresh Cycles when Bus is Released 
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• If a bus cycle is prolonged by insertion of wait states, the first refresh request is held, as in the 
bus-released state. 

• If contention occurs between a transition to software standby mode and a bus request from an 
external bus master, the bus may be released for one state just before the transition to 
software standby mode (see figure 7-24). When using software standby mode, clear the 
BRLE bit to 0 in BRCR before executing the SLEEP instruction. 

If similar contention occurs in a transition to self-refresh mode, strobe waveforms may not be 
output correctly. This can also be prevented by clearing the BRLE bit to 0 in BRCR. 



t 



Bus-released state 

Software standby mode 

0 






BREQ 






BACK 



V 

Address bus 


. 



Strobe 








Figure 7-24 Contention between Bus-Released State and Software Standby Mode 
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Section 8 DMA Controller 


8.1 Overview 

The H8/3042 Series has an on-chip DMA controller (DMAQ that can transfer data on up to four 
channels. 

8.1.1 Features 

DMAC features are listed below. 

• Selection of short address mode or full address mode 
Short address mode 

— 8-bit source address and 24-bit destination address, or vice versa 

— Maximum four channels available 

— Selection of VO mode, idle mode, or repeat mode 

Full address mode 

— 24-bit source and destination addresses 

— Maximum two channels available 

— Selection of normal mode or block transfer mode 

• Directly addressable 16-Mbyte address space 

• Selection of byte or word transfer 

• Activation by internal interrupts, external requests, or auto-request (depending on transfer 
mode) 

— 16-bit integrated timer unit (ITU) compare matcl/input capture interrupts (four) 

— Serial communication interface (SCI) transmit-data-empty/receive-data-full interrupts 

— External requests 

— Auto-request 



8.1.2 Block Diagram 

Figure 8-1 shows a DMAC block diagram. 


internal address bus 


interrupts 

IMIAI 

IMiA2 

IMiA3 


TXIO 


RXIO 


bftEQo 

ismiT 


TENDO 

TEND1 

Interrupt 

DENDOA 

signals 

DENDOB 

DEND1A 

DEND1B 




Address buffer 



Channel 

0 


Channel 

1 


Channel 

OA 


Channel 

OB 


Channel 

1A 


Channel 

IB 



MAROA 


lOAROA 


ETCROA 


MAROB 


lOAROB 


ETCROB 


MAR1A 


IOAR1A 


ETCR1A 


MAR IB 


IOAR1B 


ETCR1B 


Internal data bus 


DTCR: Data transfer control register 
MAR: Memory address register 
lOAR: I/O address register 
ETCR: Execute transfer count register 


Figure 8-1 Block Diagram of DMAC 
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8,13 Functional Overview 


Table 8-1 gives an overview of the DMAC functions. 


Table 8-1 DMAC Functional Overview 


Transfer Mode _ 

Short I/O mode 

address • Transfers one byte or one word 

mode per request 

• Increments or decrements the 
memory address by 1 or 2 

• Executes 1 to 65,536 transfers 

Idle mode 

• Transfers one byte or one word 
per request 

• Holds the memory address fixed 

• Executes 1 to 65,536 transfers 

Repeat mode 

• Transfers one byte or one word 
per request 

• Increments or decrements the 
memory address by 1 or 2 

• Executes a specified number (1 to 
256) of transfers, then returns to 
the initial state and continues 


Address 
Reg. Length 

Destina- 

Actlvatlon _ Source tion 

• Compare match/input 24 8 

capture A interrupts 

from ITU channels 
0to3 

• Transmit-data-empty 
interrupt from SCI 

• Receive-data-full 8 24 

interrupt from SCI 

• External request 24 8 


Full 

address 

mode 


Normal mode • Auto-request 24 24 

• Auto-request . External request 

—Retains the transfer request 

internally 

—Executes a specified number 
(1 to 65,536) of transfers 
continuously 

—Selection of burst mode or 
cycle-steal mode 

• External request 

—Transfers one byte or one word 
per request 

—Executes 1 to 65,536 transfers 

Block transfer . Compare match/ 24 24 

• Transfers one block of a specified input capture A 

size per request interrupts from ITU 

• Executes 1 to 65,536 transfers channels 0 to 3 

• Allows either the source or • External request 

destination to be a fixed block 

area 

• Block size can be 1 to 256 bytes 
or words 
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8.1.4 Input/Output Pins 
Table 8-2 lists the DMAC pins. 
Table 8-2 DMAC Pins 


Channel 

Name 

Abbrevia¬ 

tion 

Input/ 

Output 

Function 

0 

DMA request 0 

DREQo 

Input 

External request for DMAC channel 0 


Transfer end 0 

TENDo 

Output 

Transfer end on DMAC channel 0 

1 

DMA request 1 

DREQ, 

Input 

External request for DMAC channel 1 


Transfer end 1 

TENDi 

Output 

Transfer end on DMAC channel 1 


Note: External requests cannot be made to channel A in short address mode. 


8.1.5 Register Configuration 
Table 8-3 lists the DMAC registers. 
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Table 8-3 DMAC Registers 


Channel 

Address* 

Name 

Abbreviation 

RW 

Initial Value 

0 

H'FF20 

Memory address register OAR 

MAROAR 

R/W 

Undetermined 


H’FF21 

Memory address register OAE 

MAROAE 

RAN 

Undetermined 


H’FF22 

Memory address register OAH 

MAROAH 

RAV 

Undetermined 


H’FF23 

Memory address register OAL 

MAROAL 

FUV^ 

Undetermined 


H'FF26 

I/O address register OA 

lOAROA 

RA/V 

Undetermined 


H*FF24 

Execute transfer count register OAH 

ETCROAH 

RAV 

Undetermined 


H*FF25 

Execute transfer count register OAL 

ETCROAL 

mj 

Undetermined 


H*FF27 

Data transfer control register OA 

DTCROA 

RA/V 

H'OO 


HTF28 

Memory address register OBR 

MAROBR 

RAV 

Undetermined 


H*FF29 

Memory address register OBE 

MAROBE 

RAN 

Undetermined 


H‘FF2A 

Memory address register OBH 

MAROBH 

RAN 

Undetermined 


H‘FF2B 

Memory address register OBL 

MAROBL 

RAN 

Undetermined 


H*FF2E 

I/O address register OB 

lOAROB 

RAN 

Undetermined 


H*FF2C 

Execute transfer count register OBH 

ETCROBH 

RAN 

Undetermined 


H‘FF2D 

Execute transfer count register OBL 

ETCROBL 

RAN 

Undetermined 


H‘FF2F 

Data transfer control register OB 

DTCROB 

RAN 

Ht)0 

1 

HTF30 

Memory address register 1AR 

MAR1AR 

RAN 

Undetermined 


H‘FF31 

Memory address register 1AE 

MAR1AE 

RAN 

Undetermined 


HTF32 

Memory address register 1AH 

MARI AH 

RAN 

Undetermined 


H’FF33 

Memory address register 1AL 

MAR1AL 

RAN 

Undetermined 


H’FF36 

I/O address register 1A 

IOAR1A 

RAN 

Undetermined 


H'FF34 

Execute transfer count register 1 AH 

ETCR1AH 

RAN 

Undetermined 


H'FF35 

Execute transfer count register 1AL 

ETCR1AL 

RAV 

Undetermined 


H*FF37 

Data transfer control register 1A 

DTCR1A 

RAN 

H‘00 


H'FF38 

Memory address register 1BR 

MARIBR 

RAN 

Undetermined 


H*FF39 

Memory address register 1 BE 

MARI BE 

RAN 

Undetermined 


H'FF3A 

Memory address register 1BH 

MARIBH 

RAN 

Undetermined 


H’FF3B 

Memory address register 1BL 

MAR1BL 

RAN 

Undetermined 


H‘FF3E 

I/O address register 1B 

IOAR1B 

RAV 

Undetermined 


H*FF3C 

Execute transfer count register 1 BH 

ETCR1BH 

RAV 

Undetermined 


H*FF3D 

Execute transfer count register 1 BL 

ETCR1BL 

RAN 

Undetermined 


H’FF3F 

Data transfer control register 1B 

DTCR1B 

RAN 

H'OO 


Note: * The lower 16 bits of the address are indicated. 
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8.2 Register Descriptions (1) (Short Address Mode) 

In short address mode, transfers can be carried out independently on channels A and B. Short 
address mode is selected by bits DTS2A and DTSIA in data transfer control register A (DTCRA) 
as indicated in table 8-4. 


Table 8-4 

Selection of Short and Full Address Modes 

Channel 

Blt2 

DTS2A 

Bit1 

DTSIA 

Description 

0 

1 

1 

DMAC channel 0 operates as one channel in full address mode 


Other than above 

DMAC channels OA and OB operate as two independent channels 
in short address mode 

1 

1 

1 

DMAC channel 1 operates as one channel in full address mode 


Other than above 

DMAC channels 1A and IB operate as two independent channels 
in short address mode 


8.2.1 Memory Address Registers (MAR) 

A memory address register (MAR) is a 32-bit readableAvritable register that specifies a source or 
destination address. The transfer direction is determined automatically from the activation source. 

An MAR consists of four 8-bit registers designated MARR, MARE, MARK, and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 11111111 Undetermined 


ReadWriie-- 

V--/V-^-/V-^-;v--; 


MARR MARE MARH MARL 


Source or destination address 


An MAR functions as a source or destination address register depending on how the DMAC is 
activated: as a destination address register if activation is by a receive-data-full interrupt from the 
serial communication interface (SCI), and as a source address register otherwise. 

The MAR value is incremented or decremented each time one byte or word is transferred, 
automatically updating the source or destination memory address. For details, see section 8.2.4, 
Data Transfer Control Registers (DTCR). 

The MARs are not initialized by a reset or in standby mode. 
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S.22 I/O Address Registers (lOAR) 

An I/O address register (lOAR) is an 8-bit readable/writable register that specifies a source or 
destination address. The lOAR value is the lower 8 bits of the address. The upper 16 address bits 
are all 1 (H’FFFF). 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 










Initial value 

Read/Write 


R/W 

RW 

Undetermined 

RA/V RA/V 

fUVJ 

RAV 

RAV 


Source or destination address 


An lOAR functions as a source or destination address register depending on how the DMAC is 
activated: as a source address register if activation is by a receive-data-full interrupt from the SCI, 
and as a destination address register otherwise. 

The lOAR value is held fixed. It is not incremented or decremented when a transfer is executed. 
The lOARs are not initialized by a reset or in standby mode. 

8.2 J Execute Transfer Count Registers (ETCR) 

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. These registers function in one way in I/O mode and idle 
mode, and another way in repeat mode. 

• I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value Undetermined 

Read/Write R/W RA/V R>^ R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RAV 


Transfer counter 


In I/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by 
1 each time one transfer is executed. The transfer ends when the count reaches H’OCXX). 
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Repeat mode 


Bit 7 6 5 4 3 2 1 0 


initiai value Undetermined 

ReadWrite R/WRMRyWFlWFlWRMR>WR/W 


Transfer counter 


Bit 76543210 


initiai value Undetermined 

ReadMrite R/W R/W R/W R/W R/W R/W R/W R/W 

V-^---/ 

ETCRL 


Initiai count 


In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the initial 
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH 
reaches H’OO, the value in ETCRL is reloaded into ETCRH and the same operation is repeated. 

The ETCRs are not initialized by a reset or in standby mode. 
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8.2.4 Data TVansfer Control Registers (DTCR) 


A data transfer control register (DTCR) is an 8-bit readable/writable register that controls the 
operation of one DMAC channel. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RM 

R/W 

RAW 

RAW 

RAW 

RAV 

RAW 

RAW 


“T 


Data transfer enable 
Enables or disables 
data transfer 


Data transfer select 
These bits select the data 
transfer activation source 


Data transfer size 

Selects byte or 
word size 


Data transfer Interrupt enable 

Enables or disables the CPU interrupt 
at the end of the transfer 


Data transfer 
Increment/decrement 

Selects whether to 
increment or decrement 
the memory address 
register 


Repeat enable 
Selects repeat 
mode 


The DTCRs are initialized to H'OO by a reset and in standby mode. 

Bit 7—Data TVansfer Enable (DTE): Enables or disables data transfer on a channel. When the 
DTE bit is set to 1, the channel waits for a transfer to be requested, and executes the transfer when 
activated as specified by bits DTS2 to DTSO. When DTE is 0, the channel is disabled and does not 
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1. 


Bit 7 

DTE Description 


0 

Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to 0 (Initial value) 
when the specified number of transfers have been completed. 

1 

Data transfer is enabled 


If DTEE is set to 1, a CPU interrupt is requested when DTE is cleared to 0. 
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Bit 6 —Data TVansfer Size (DTSZ): Selects the data size of each transfo*. 


Bite 


DTSZ 

Description 


0 

Byte-size transfer 

(Initial value) 

1 

Word-size transfer 


Bit 5—^Data IVansrer Increment/Decrement (DTID): Selects whether to increment or 
decrement the memory address register (MAR) after a data transfo- in VO mode or repeat mode. 

Bits 

DTID 

Description 


0 

MAR is incremented after each data transfer 

(Initial value) 


• If DTSZ * 0, MAR is incremented by 1 after each transfer 

• If DTSZ = 1, MAR is incremented by 2 after each transfer 


1 

MAR is decremented after each data transfer 



• If DTSZ = 0, MAR is decremented by 1 after each transfer 

• If DTSZ = 1, MAR is decremented by 2 after each transfer 



MAR is not incremented or decremented in idle mode. 

Bit 4 —Repeat Enable (RPE): Selects whether to transfer data in VO mode, idle mode, or repeat 
mode. 

Bit 4 Bit 3 

RPE DUE Description 


0 

0 

I/O mode 

(Initial value) 


1 



1 

0 

Repeat mode 



1 

Idle mode 



Operations in these modes are described in sections 8.4.2, VO Mode, 8.4.3, Idle Mode, and 8.4.4, 
Repeat Mode. 
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Bit 3—^Dala TVansfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND) 
requested when the DIE bit is cleared to 0. 


Bits 


DTIE 

Description 


0 

The DEND interrupt requested by DTE is disabled 

(Initial value) 

1 

The DEND interrupt requested by DTE is enabled 



Bits 2 to 0—^Data Transfer Select (DTS2, DTSl, DTSO): These bits select the data transfer 
activation source. Some of the selectable sources differ between channels A and B. 

Channel A 


Bit2 

DTS2A 

Bill 

DTS1A 

BHO 

DTSOA 

Description 

0 

0 

0 

Compare match/input capture A interrupt from ITU (Initial value) 

channel 0 



1 

Compare match/input capture A Interrupt from ITU channel 1 


1 

0 

Compare match/input capture A Interrupt from ITU channel 2 



1 

Compare match/input capture A interrupt from ITU channel 3 

1 

0 

0 

Transmit-data-empty interrupt from SCI channel 0 



1 

Receive-data-full interrupt from SCI channel 0 


1 

_♦ 

Transfer in full address mode 


Note: * See section 8.3.4, Data Transfer Control Register (DTCR). 
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Channel B 


Bit 2 
DTS2B 

BKI 

DTS1B 

BitO 

DTSOB 

Description 

0 

0 

0 

Compare match/input capture A interrupt from iTU (initial value) 

channel 0 



1 

Compare match/input capture A interrupt from ITU channel 1 


1 

0 

Compare match/input capture A interrupt from ITU channel 2 



1 

Compare match/input capture A interrupt from ITU channel 3 

1 

0 

0 

Transmit-data-empty interrupt from SCI channel 0 



1 

Receive-data-full interrupt from SCI channel 0 


1 

0 

Falling edge of DREQ input 



1 

Low level of DREQ input 


The same internal interrupt can be selected as an activation source for two or more channels at 
once. In that case the channels are activated in a priority order, highest-priority channel first For 
the priority order, see section 8.4.9, Multiple-Channel Operation. 

When a channel is enabled (DTE = 1), its selected DMAC activation source cannot generate a 
CPU interrupt 
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8.3 Register Descriptions (2) (Full Address Mode) 


In full address mode the A and B channels operate together. Full address mode is selected as 
indicated in table 8-4. 

8J.l Memory Address Registers (MAR) 

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the 
source address register of the transfer, and MARB as the destination address register. 

An MAR consists of four 8-bit registers designated MARR, MARE, MARK, and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 U 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 11111111 Undetermined 

ReadWrite-RWR/WRWRWRWR/WRAI\ffVWRyWRWRWRWRWfVVmyWRWRA^ 

V-^-/V--/V-^-/V-^-/ 

MARR MARE MARH MARL 

Source or destination address 


The MAR value is incremented or decremented each time one byte or word is transferred, 
automatically updating the source or destination memory address. For details, see section 8.3.4, 
Data Transfer Control Registers (DTCR). 

The MARs are not initialized by a reset or in standby mode. 

S32 I/O Address Registers (lOAR) 

The I/O address registers (lOARs) are not used in full address mode. 
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B33 Execute Transfer Count Registers (ETCR) 


An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. The functions of these registers differ between normal mode 
and block transfer mode. 

• Normal mode 

ETCRA 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initiai value Undetermined 

ReadyWrite RyW RA/V RAV RAV RM R/W R/W R/^ R/WR/WFtW 

Transfer counter 


ETCRB: Is not used in normal mode. 

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1 
each time one transfer is executed. The transfer ends when the count reaches H’OOOO. ETCRB is 
not used. 
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Block transfer mode 


ETCRA 


Bit 76543210 


Initial value Undetermined 

Read/Write R/W R/W RAV R/W RAV R/W R/W RAW 

V-^- > 

ETCRAH 


Block size counter 


Bit 76543210 


Initial value Undetermined 

ReadA/Vrrte RAW RAW RAW RAW RAW RAW RAW RAW 

V-^; 

ETCRAL 


Initial bbck size 


ETCRB 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 

Block transfer counter 


In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the 
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When 
the count reaches H’OO, ETCRAH is reloaded from ETCRAL. Blocks consisting of an arbitrary 
number of bytes or words can be transferred repeatedly by setting the same initial block size value 
in ETCRAH and ETCRAL. 

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is 
decremented by 1 each time one block is transferred. The transfer ends when the count reaches 
H’OOOO. 

The ETCRs are not initialized by a reset or in standby mode. 
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83.4 Data IVansfer Control Registers (DTCR) 

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the 
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and 
DTSIA are both set to 1 in DTCR A. DTCR A and DTCRB have different functions in full address 
mode. 


DTCRA 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

SAID 

SAIDE 

DTE 

DTS2A 

DTSIA 

DTSOA 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RM 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 


Data transfer enable 


Enables or disables 
data transfer 

Data transfer size 


Data transfer 
interrupt enable 


~ T" 

Data transfer 
select OA 
Selects block 
transfer mode 


Selects byte or 
word size 


Enables or disables the 
CPU interrupt at the end 
of the transfer 


Source address 
Increment/decrement 
Source address increment/ 
decrement enable 
These bits select whether 
the source address register 
(MARA) is incremented, 
decremented, or held fixed 
during the data transfer 


Data transfer select 
2Aand1A 

These bits must both be 
set to 1 


DTCRA is initialized to H’OO by a reset and in standby mode. 
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Bit 7—^Data Tk-ansfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables or 
disables data transfer on the channel When the DTME and DTE bits are both set to 1, the channel 
is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the channel 
waits for transfers to be requested. When the specified number of transfers have been completed, 
the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and does not 
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1. 

Bit 7 

DTE Description 


0 

Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value) 
of transfers have been completed) 

1 

Data transfer is enabled 


If DTBE is set to 1, a CPU interrupt is requested when DTE is cleared to 0. 
Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer. 

Bite 


DTSZ 

Description 


0 

Byte-size transfer 

(Initial value) 

1 

Word-size transfer 



Bit 5—Source Address Increment/Decrement (SAID) and Bit 4—Source Address 
Increment/Decrement Enable (SAIDE): These bits select whether the source address register 
(MARA) is incremented, decremented, or held fixed during the data transfer. 


Bits 

SAID 

Bit 4 
SAiDE 

Description 

0 

0 

MARA is held fixed (Initial value) 


1 

MARA is incremented after each data transfer 

• If DTSZ = 0, MARA is incremented by 1 after each transfer 

• If DTSZ = 1, MARA is incremented by 2 after each transfer 

1 

0 

MARA is held fixed 


1 

MARA is decremented after each data transfer 

• If DTSZ = 0, MARA is decremented by 1 after each transfer 

• If DTSZ = 1. MARA is decremented by 2 after each transfer 
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Bit 3—Data TVansfer Interrupt Enable (DUE): Enables or disables the CPU intmupt (DEND) 
requested when the DTE bit is cleared to 0. 

Bit3 


DUE 

Description 


0 

The DEND interrupt requested by DTE is disabled 

(initial value) 

1 

The DEND interrupt requested by DTE is enabled 



Bits 2 and 1—^Data TVansfer Select 2A and lA (DTS2A, DTSIA): A channel operates in full 
address mode when DTS2A and DTS1A are both set to 1. 

Bit 0—^Data TVansfer Select OA (DTSOA): Selects normal mode or block transfer mode. 

BitO 

DTSOA. Description 


0 

Normal mode 

(initial value) 

1 

Block transfer mode 



Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block 
Transfer Mode. 
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DTCRB 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTME 

— 

DAID 

DAIDE 

TMS 

DTS2B 

DTS1B 

DTSOB 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

fWI 

R/W 

RA/V 

R/W 

RM 

RAV 

RAV 

RAV 




Data transfer master enable 
Enables or disables data 
transfer, together with 
the DTE bit, and is cleared 
to 0 by an interrupt 

Reserved bit 


Transfer mode select 

Selects whether the 
block area is the source 
or destination in block 
transfer mode 


Destination address 
I ncr erne n t/decre me n t 
Destination address 
Increment/decrement enable 
These bits select whether 
the destination address 
register (MARB) is incremented, 
decremented, or held fixed 
during the data transfer 


Data transfer select 
2B to OB 

These bits select the data 
transfer activation source 


DTCRB is initialized to H'OO by a reset and in standby mode. 

Bit 7—Data TVansfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit 
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is 
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the 
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further 
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block 
Transfer Mode. 

DTME is set to 1 by reading the register while DTME = 0, then writing 1. 

Bit 7 


DTME 

Description 


0 

Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt 
occurs) 

(initial value) 

1 

Data transfer is enabled 
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Bit 6—Reserved: Although reserved, this bit can be written and read. 

Bit 5—^Destination Address Increment/Decrement (DAID) and Bit 4 —^Destination Address 
Increment/Decrement Enable (DAIDE): These bits select whether the destination address 
register (MARB), is incremented, decremented, or held fixed during the data transfer. 


Bits 

DAID 

Bn 4 
DAIDE 

Description 


0 

0 

MARB is held fixed 

(Initial value) 


1 

MARB is incremented after each data transfer 



• If DTSZ > 0, MARB is incremented by 1 after each data transfer 

• If DTSZ 1, MARB is incremented by 2 after each data transfer 


1 

0 

MARB is held fixed 


1 

MARB is decremented after each data transfer 

• If DTSZ = 0, MARB is decremented by 1 after each data transfer 

• If DTSZ = 1, MARB is decremented by 2 after each data transfer 


Bit 3—^Transfer Mode Select (TMS): Selects whether the source or destinadon is the block area 
in block transfer mode. 

Bits 


TMS 

Description 


0 

Destination is the block area in block transfer mode 

(Initial value) 

1 

Source is the block area in block transfer mode 
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Bits 2 to 0—^Data Transfer Select (DTS2B, DTSIB, DTSOB); These bits select the data transfer 
activation source. The selectable activation sources differ between normal mode and block 
transfer mode. 


Nomal mode 

BK 2 Bit 1 Bit 0 

DTS2B DTS1B DTSOB Description 


0 

0 

0 

Auto-request (burst mode) (Initial value) 



1 

Cannot be used 


1 

0 

Auto-request (cycle-steal mode) 



1 

Cannot be used 

1 

0 

0 

Cannot be used 



1 

Cannot be used 


1 

0 

Falling edge of DREQ 



1 

Low level input at DREQ 

Block transfer mode 


Bit 2 
DTS2B 

BItl 

DTSIB 

Bito 

DTSOB Description 

0 

0 

0 

Compare match/input capture A interrupt from ITU channel 0 (Initial value) 



1 

Compare match/input capture A interrupt from ITU channel 1 


1 

0 

Compare match/input capture A interrupt from ITU channel 2 



1 

Compare match/input capture A interrupt from ITU channel 3 

1 

0 

0 

Cannot be used 



1 

Cannot be used 


1 

0 

Falling edge of DREQ 



1 

Cannot be used 


The same internal interrupt can be selected to activate two or more channels. The channels are 
activated in a priority order, highest priority first. For the priority order, see section 8.4.9, 
Multiple-Channel Operation. 
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8.4 Operation 

8.4.1 Overview 

Table 8-5 summarizes the DMAC modes. 
Table 8-5 DMAC Modes 


Transfer Mode 


Activation 

Notes 

Short address 

I/O mode 

Compare match/input 

• Up to four channels 

mode 

Idle mode 

capture A interrupt from 

can operate 


ilU channels 0 to 3 

independently 


Repeat mode 

SCI transmit-data-empty 

• Only the B channels 



and receive-data-full 

support external 



interrupts 

requests 



External request 


Full address 

Normal mode 

Auto-request 

• A and B channels are 

mode 


External request 

paired; up to two 
channels are 


Block transfer mode 

Compare match/input 

available 



capture A interrupt from 
ITU channels 0 to 3 

• Burst mode or cycle- 
steal mode can be 



External request 

selected for auto- 


requests 


A summary of operations in these modes follows. 

I/O Mode: One byte or word is transferred per request. A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The transfer direction is 
determined automatically from the activation source. 

Idle Mode: One byte or word is transferred per request A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. 

The transfer direction is determined automatically from the activation source. 

Repeat Mode: One byte or word is transferred per request. A designated number of these 
transfers are executed. When the designated number of transfers are completed, the initial address 
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit 
address and one 8-bit address are specified. The transfer direction is determined automatically 
from the activation source. 
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Normal Mode 


• Auto-request 

The DMAC is activated by register setup alone, and continues executing transfers until the 
designated number of transfers have been completed. A CPU interrupt can be requested at 
completion of the transfers. Both addresses are 24-bit addresses. 

— Cycle-steal mode 

The bus is released to another bus master after each byte or word is transferred. 

— Burst mode 

Unless requested by a higher-priority bus master, the bus is not released until the 
designated number of transfers have been completed. 

• External request 

One byte or word is transferred per request. A designated number of these transfers are 
executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. Both addresses are 24-bit addresses. 

Block Transfer Mode: One block of a specified size is transferred per request A designated 
number of block transfers are executed. At the end of each block transfer, one address is restored 
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt 
can be requested. Both addresses are 24-bit addresses. 
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8.4.2 I/O Mode 


I/O mode can be selected independently for e^h channel. 

One byte or word is transferred at each transfer request in I/O mode. A designated number of 
these transfers are executed. One address is specified in the memory address registo’ (MAR), the 
other in the I/O address register (lOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in lOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and firom the address specified 
in MAR to the address specified in 10AR otherwise. 

Table 8-6 indicates the register functions in I/O mode. 

Table 84i Register Functions in I/O Mode 

Function 

Activated by 
SCI Receive- 


Register 



Data-Full 

Interrupt 

other 

Activation 

Initial Setting 

Operation 

23 


0 

Destination 

Source 

Destination or 

Incremented or 


i MAR i 

1 1 

address 
' register 

address 

register 

source address 

decremented 
once per transfer 





23 


7 0 

Source 

Destination 

Source or 

Held fixed 


Aii 1s 

lOAR 

address 
' register 

address 

register 

destination 

address 







15 

0 

Transfer counter 

Number of 

Decremented 


ETCR 

_ 1 _ 



transfers 

once per 
transfer until 
H’OOOO is 
reached and 
transfer ends 








Legend 

MAR: Memory address register 
lOAR: I/O address register 
ETCR: Execute transfer count register 


MAR and lOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address, which is incremented or decremented as each byte or word is transferred. 
lOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all Is. lOAR is not 
incremented or decremented. 

Figure 8-2 illustrates how I/O mode operates. 
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Figure 8-2 Operation in I/O Mode 


The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each transfer. When the ETCR value reaches H’OOOO, the DTE bit is cleared and the transfer ends. 
If the DTBE bit is set to 1, a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCR to H'OOOO. 


Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 
signals. 


For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 
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Figure 8-3 shows a sample setup procedure fcK- VO mode. 



I/O mode 


1. Set the source and destination addresses 
in MAR and lOAR. The transfer directbn is 
determined automatically from the activation 
source. 

2. Set the transfer count in ETCR. 

3. Read DTCR white the DTE bit is cleared to 0. 

4. Set the DTCR bits as foibws. 

• Select the DMAC activatbn source with bits 
DTS2toDTS0. 

• Set or clear the DTIE bit to enable or disable 
the CPU interrupt at the end of the transfer. 

• Clear the RPE bit to 0 to select I/O mode. 

• Select MAR increment or decrement with the 
DTIDbit. 

• Select byte size or word size with the DTSZ bit. 

• Set the DTE bit to 1 to enable the transfer. 


Figure 8-3 I/O Mode Setup Procedure (Example) 


8.4 J Idle Mode 

Idle mode can be selected independently for each channel. 

One byte or word is transferred at each transfer request in idle mode. A designated number of 
these transfers are executed. One address is specified in the memory address register (MAR), the 
other in the I/O address register (lOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in lOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified 
in MAR to the address specified in 10AR otherwise. 

Table 8-7 indicates the register functions in idle mode. 
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Table 8*7 Register Functions in Idle Mode 


Function 

Activated by 
SCI Receive- 


Register 




Data-Full 

Interrupt 

other 

Activation 

Initial Setting 

Operation 

23 



0 

Destination 

Source 

Destination or 

Held fixed 


i MAR ! 

1 1 

1 address 
' register 

address 

register 

source address 








23 


7 

0 

Source 

Destination 

Source or 

Held fixed 


AIMS 

IOAR 

1 address 
^ register 

address 

register 

destination 

address 








15 


0 

Transfer counter 

Number of 

Decremented 


ETCR 

_1_ 



transfers 

once per 
transfer until 


H’OOOO is 
reached and 
transfer ends 


Legend 

MAR: Memory address register 
iOAR: i/O address register 
ETCR: Execute transfer count register 


MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address, IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 
Is. MAR and IOAR are not incremented or decremented. 

Figure 8-4 illustrates how idle mode operates. 
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The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each transf^. When the ETCR value reaches IfOOOO, the DTE bit is cleared, the transfer ends, and 
a CPU intOTupt is requested. The maximum transfo* count is 65,536, obtained by setting ETCR to 
ITOOOO. 

Transfers can be requested (activated) by compare matchAnput capture A intorupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 
signals. 

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 

Figure 8-5 shows a sample setup procedure for idle mode. 



Idle mode 


1. Set the source and destination addresses 

in MAR and lOAR. The transfer direction is deter¬ 
mined automatically from the activation source. 

2. Set the transfer count in ETCR. 

3. Read DTCR while the DTE bit is cleared to 0. 

4. Set the DTCR bits as foibws. 

• Select the DMAC activation source with bits 
DTS2 to DTSO. 

• Set the DTE and RPE bits to 1 to select idle mode. 

• Select byte size or word size with the DTSZ bit. 

• Set the DTE bit to 1 to enable the transfer. 


Figure 8-5 Idle Mode Setup Procedure (Example) 
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8.4.4 Repeat Mode 

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable 
timing pattern controller (TPQ in synchronization, for example, with ITU compare match. Repeal 
mode can be selected for each channel independently. 

One byte or word is transferred per request in repeat mode, as in I/O mode. A designated number 
of these transfers are executed. One address is specified in the memory address register (MAR), 
the other in the lA) address register (lOAR). At the end of the designated number of transfers, 
MAR and ETCR are restored to their original values and operation continues. The direction of 
transfer is determined automatically from the activation source. The transfer is from the address 
specified in lOAR to the address specified in MAR if activated by an SCI receive-data-full 
interrupt, and from the address specified in MAR to the address specified in lOAR otherwise. 

Table 8-8 indicates the register functions in repeat mode. 


Table 8-8 Register Functions in Repeat Mode 


Function 


Register 


Activated by 
SCI Receive- 
Data-Full 
Interrupt 


Other 

Activation 


initial Setting Operation 


Destination 
address 


Source 

address 


Destination or 
source address 


Incremented or 
decremented at 


23 


0 

I register 

register 


each transfer until 


i MAR i 

1 1 


ETCRH reaches 







H'OOOO, then restored 
to initial value 

23 


7 0 

Source 

Destination 

Source or 

Held fixed 


All 1s 

iOAR 

address 

register 

address 

register 

destination 

address 








7 0 

Transfer counter 


Number of 
transfers 

Decremented once 
per transfer unti 



ETCRH 




H'OOOO is reached, 
then reloaded from 
ETCRL 









7 0 

initial transfer count 

Number of 
transfers 

Held fixed 



ETCRL 




Legend 

MAR; 

lOAR: 

Memory address register 

I/O address register 





ETCR: Execute transfer count register 
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In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfo 
count. ETCRH is decremented by 1 at each transfer until it reaches HOO, then is reloaded from 
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DUD 
bits in DTCR. Specifically, MAR is restored as follows; 

MAR <- MAR - (-l)DTID . 2DTSZ . ETCRL 

ETCRH and ETCRL should be initially set to the same value. 

In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE is cleared to 0, 
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No 
CPU interrupt is requested. 

As in I/O mode, MAR and lOAR specify the source and destination addresses. MAR specifies a 
24-bit source or destination address. lOAR specifies the lower 8 bits of a fixed address. The uppo* 
16 bits are all Is. lOAR is not incremented or decremented. 

Figure 8-6 illustrates how repeat mode operates. 
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The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer 
count is 256, obtained by setting both ETCRH and ETCRL to KOO. 

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full intemipts, and external request 
signals. 

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 

Figure 8-7 shows a sample setup procedure for repeat mode. 



Repeat mode 


1. Set the source and destination addresses in MAR 
and lOAR. The transfer direction is determined 
automatically from the activation source. 

2. Set the transfer count in both ETCRH and ETCRL. 

3. Read DTCR while the DTE bit is cleared to 0. 

4. Set the DTCR bits as follows. 

• Select the DMAC activation source with bits 
DTS2 to DTSO. 

• Clear the DTIE bit to 0 and set the RPE bit to 1 
to select repeat mode. 

• Select MAR inaement or decrement with the DTID bit. 

• Select byte size or word size with the DTSZ bit. 

• Set the DTE bit to 1 to enable the transfer. 


Figure 8-7 Repeat Mode Setup Procedure (Example) 
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8.4.5 NcM'inalMode 


In normal mode the A and B channels are combined. One byte or word is transferred per request 
A designated number of these transfers are executed. Addresses are specified in MARA and 
MARB. Table 8-9 indicates the register functions in I/O mode. 


Table 8-9 Register Functions in Normal Mode 


Register 



Function 

Initial Setting 

Operation 

23 


0 

Source address 

Source address 

Incremented or 


i MARA i 

1 1 

1 register 


decremented once per 
transfer, or held fixed 






23 


0 

Destination 

Destination 

incremented or 


: MARBi 

1 « 

1 address register 

address 

decremented once per 
transfer, or held fixed 







15 

0 

Transfer counter 

Number of 

Decremented once per 


ETCRA 


transfers 

transfer 


Legend 

MARA: Memory address register A 
MARB: Memory address register B 
ETCRA: Execute transfer count register A 


The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented, decremented, or held fixed as data is transferred. 

The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by 
1 at each transfer. When the ETCRA value reaches H’OOOO, the DTE bit is cleared and the transfer 
ends. If the DTIE bit is seL a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCRA to H’OOOO. 

Figure 8-8 illustrates how normal mode operates. 
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Figure 8-8 Operation in Normal Mode 


Transfers can be requested (activated) by an external request or auto-request An auto-requested 
transfer is activated by the register settings alone. The designated number of transfers are executed 
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC 
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the 
transfers are completed, unless there is a bus request from a higher-priority bus master. 


For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Figure 8-9 shows a sample setup procedure for normal mode. 



Normal mode 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1. Set the initial source address in MARA. 

2. Set the initial destination address in MARB. 

3. Set the transfer count in ETCRA. 

4. Set the DTCRB bits as follows. 

• Clear the DIME bit to 0. 

• Set the DAID and DAIDE bits to select whether 
MARB is incremented, decremented, or held fixed. 

• Select the DMAC activation source with bits 
DTS2B to DTSOB. 

5. Set the DTCRA bits as follows. 

• Clear the DTE bit to 0. 

• Select byte or word size with the DTSZ bit. 

• Set the SAID and SAIDE bits to select whether 
MARA is incremented, decremented, or held fixed. 

• Set or clear the DTIE bit to enable or disable the 
CPU interrupt at the end of the transfer. 

• Clear the DTSOA bit to 0 and set the DTS2A 
and DTS1A bits to 1 to select normal mode. 

6. Read DTCRB with DTME cleared to 0. 

7. Set the DTME bit to 1 in DTCRB. 

8. Read DTCRA with DTE cleared to 0. 

9. Set the DTE bit to 1 In DTCRA to enable the transfer. 


Note: ♦ Carry out settings 1 to 9 with the DEND interrupt masked In the CPU. 

If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in 
which case the transfer will not start. 


Figure 8-9 Normal Mode Setup Procedure (Example) 
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8.4.6 Block Transfer Mode 


In block transfer mode the A and B channels are combined. One block of a specified size is 
transferred per request A designated number of block transfers are executed. Addresses are 
specified in MARA and MARB. The block area address can be either held fixed or cycled. 

Table 8-10 indicates the register functions in block transfer mode. 

Table 8-10 Register Functions in Block IVansfer Mode 

Register Function Initial Setting Operation 

Source address Source address incremented or 

register decremented once per 

transfer, or held fixed 



23 0 





7_0 

ETCRAL 


Destination Destination 

address register address 

Block size counter Block size 

Initial block size Block size 



Block transfer 
counter 


Number of block 
transfers 


Incremented or 
decremented once per 
transfer, or held fixed 

Decremented once per 
transfer until H’OO Is 
reached, then reloaded 
from ETCRAL 

Held fixed 


Decremented once per 
block transfer until H’OOOO 
is reached and the 
transfer ends 


Legend 

MARA: Memory address register A 
MARB: Memory address register B 
ETCRA: Execute transfer count register A 
ETCRB: Execute transfer count register B 

The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented, decremented, or held fixed as data is transferred. One of these registers operates as a 
block area register: even if it is incremented or decremented, it is restored to its initial value at the 
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or 
destination. 
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If M (1 to 256) is the size of the block transferred at each request and N (1 to 65,536) is the 
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and 
ETCRB should initially be set to N. 

Figure 8-10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0, 
meaning the block area is the destination. 



Legend 

L A = initial setting of MARA 

L B = initial setting of MARB 

M = initial setting of ETCRAH and ETCRAL 

N = initial setting of ETCRB 

TA=kA 

Ba = L* + SAIDE • (-1)S"° • • M - 1) 

Tb=Lb 

Bb = Lg + DAIDE • (-1)°*'° • • M -1) 

Figure 8-10 Operation in Block IVansfer Mode 
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When activated by a transfer request, the DMAC executes a burst transfer. During the transfer 
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented. 
When ETCRAH reaches H’OO, it is reloaded from ETCRAL to restore the initial value. The 
memory address register of the block area is also restored to its initial value, and ETCRB is 
decremented. If ETCRB is not ETOOOO, the DMAC then waits for the next transfer request 
ETCRAH and ETCRAL should be initially set to the same value. 

The above operation is repeated until ETCRB reaches H’OOOO, at which point the DTE bit is 
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this 
time. 

Figure 8-11 shows examples of a block transfer with byte data size when the block area is the 
destination. In (a) the block area address is cycled. In (b) the block area address is held fixed. 

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, and by external request signals. 

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Start 

(DTE * DIME = 


Start 

(DTE = DTME = 1) 


Transfer requested? 


Get bus 


Transfer requested? 

r— 


Get bus 


Read from MARA address 

I - 

MARA = MARA -t-1 

I - 

Write to MARB address 

.—r'~" 

MARB = MARB + 1 

.. I. 

ETCRAH = ETCRAH - 1 


Read from MARA address 

- 1 . 

MARA = MARA + 1 

-_. 

Write to MARB address 

ETCRAH = ETCRAH - 1 


_ctcrah = h‘oo_^ 

Release bus 

—.—r"”'”—— 

ETCRAH = ETCRAL 
MARB = MARB-ETCRAL 

ETCRB = ETCRB - 1 


ETCRAH = H‘00 

' 

Release bus 
I 

ETCRAH = ETCRAL 

ETCRB = ETCRB -1 


<C^ETCRB = H*0000^^> 


Clear DTE to 0 and end transfer 


C^ETCRB = H‘0000 ^> 

T- 


Clear DTE to 0 and end transfer 


a. DTSZ = TMS = 0 

b. DTSZ = TMS = 0 

SAID = DAID = 0 

SAID = 0 

SAIDE = DAIDE = 1 

SAIDE = 1 


DAIDE =0 
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Figure 8-12 shows a sample setup procedure for block transfer mode. 



Block transfer mode 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


1. Set the source address in MARA. 

2. Set the destination address in MARB. 

3. Set the block transfer count in ETCRB. 

4. Set the block size (number of bytes or words) 

in both ETCRAH and ETCRAL. 

5. Set the DTCRB bits as follows. 

• Clear the DIME bit to 0. 

• Set the DAD and DAIDE bits to select whether 
MARB is incremented, deaemented, or held fixed. 

• Set or clear the IMS bit to make the block area 
the source or destination. 

• Select the DMAC activatbn source with bits 
DTS2BtoDTS0B. 

6. Set the DTCRA bits as follows. 

• Clear the DTE to 0. 

• Select byte size or word size with the DTSZ bit. 

• Set the SAID and SAIDE bits to select whether 
MARA is incremented, decremented, or held fixed. 

• Set or clear the DTIE bit to enable or disable the 
CPU interrupt at the end of the transfer. 

• Set bits DTS2A to DTSOA all to 1 to select 
block transfer mode. 

7. Read DTCRB with DTME cleared to 0. 

8. Set the DTME bit to 1 in DTCRB. 

9. Read DTCRA with DTE cleared to 0. 

10. Set the DTE bit to 1 in DTCRA to enable 

the transfer. 


Note: ♦ Carry out settings 1 to 10 with the DEND interrupt masked in the CPU. 

If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, 
which case the transfer will not start. 


Figure 8-12 Block Transfer Mode Setup Procedure (Example) 
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8.4,7 DMAC Activation 


The DMAC can be activated by an internal interrupt, external request, or auto-request The 
available activation sources differ depending on the transfer mode and channel as indicated in 
table 8-11. 

Table 8-11 DMAC Activation Sources 


Activation Source 


Short Address Mode 

Channels Channels 

OAandIA OB and IB 


Full Address Mode 
Normal Block 


Internal 

IMIAO 

0 

o 

X 

0 

interrupts 

IMIA1 

o 

o 

X 

o 


IM1A2 

o 

o 

X 

o 


IMIA3 

o 

o 

X 

o 


TXIO 

0 

0 

X 

X 


RXIO 

0 

o 

X 

X 

External 

requests 

Falling edge 
of DREQ 

X 

o 

o 

o 


Low input at 
DREQ 

X 

o 

o 

X 

Auto-request 


X 

X 

o 

X 


Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation 
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible 
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt. 

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared 
automatically. If the same interrupt is selected to activate two or more channels, the interrupt 
request flag is cleared when the highest-priority channel is activated, but the transfer request is 
held pending on the other channels in the DMAC, which are activated in their priority order. 
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Activation by External Request: If an external request (DREQ pin) is selected as an activation 
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output 
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level- 
sensitive or edge-sensitive. 

In short address mode and normal mode, an external request operates as follows. If edge sensing is 
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is 
detected. If the next edge is input before the transfer is completed, the next transfer may not be 
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer 
is completed. The bus is released temporarily after each byte or word has been transferred, 
however. If the DREQ input goes high during a transfo, the transfer is suspended after the current 
byte (X word has been transferred. When DREQ goes low, the request is held internally until one 
byte or word has been transferred. The TEND signal goes low during the last write cycle. 

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer 
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ 
input is detected, a block of the specified size is transferred. The TEND signal goes low during the 
last write cycle in each block. 

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and 
continues until completed. Cycle-steal mode or burst mode can be selected. 

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word. 
Normally, DMAC cycles alternate with CPU cycles. 

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher- 
priority bus request If there is a higher-priority bus request, the bus is released after the current 
byte or word has been transferred. 
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8.4.8 DMAC Bus Cycle 


Figure 8-13 shows an example of the timing of the basic DMAC bus cycle. This example shows a 
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the 
DMAC gets the bus from the CPU, after one dead cycle (T^j), it reads from the source address and 
writes to the destination address. During these read and write operations the bus is not released 
even if there is another bus request DMAC cycles comply with bus controller settings in the same 
way as CPU cycles. 



CPU cycle | DMAC cycle (word transfer) j CPU cycle 

0 

Ti T 2 T 2 Td Ti T 2 Ti T 2 T 3 Ti T 2 T 3 Ti T 2 Ti T 2 

i i i i Source I I I 

; ; ; I address; Destination address ! ; 

Address 

bus 

T~i, n t I 1 _ 1: 


1 1 1 1 1 1 II 

1 1 1 1 1 1 II 

1 1 1 1 1 1 II 

RD 

1 1 1 1 1 1 II 1 

: : : I : ; ; ; 

1 1 II 1 1 1 . 1 — 1 

1 1 1 1 1 1 II 

1 1 II I I I 1 

1 1 1 1 1 1 II 

* ‘ * 

HWR 

1 1 1 1 1 1 II 

1 1 1 1 1 1 II 

1 1 1 I 1 1 II 

1 1 .. 1 1 1 1 1 1 

1 1 1 1 1 1 II 

1 1 1 1 1 1 II 

1 1 1 1 1 1 II 

LWR 

1 1 1 1 1 1 II 

1 I 1 1 1 1 II 

1 1 1 1 1 1 II 

1 I 1 1 1 1 II 

1 1 1 1 1 1 II 

1 1 1 1 1 1 II 


Figure 8-13 DMA Transfer Bus Timing (Example) 


Figure 8-14 shows the timing when the DMAC is activated by low input at a DREQ pin. This 
example shows a word-size transfer from a 16-bit two-state access area to another 16-bit two-state 
access area. The DMAC continues the transfer while the DREQ pin is held low. 
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Figure 8-14 Bus Timing of DMA TYansfer Requested by Low DREQ Input 

Figure 8-15 shows an auto-requested burst-mode transfer. This example shows a transfer of three 
words from a 16-bit two-state access area to another 16-bit two-state access area. 
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Figure 8-15 Burst DMA Bus Timing 

When the DMAC is activated from a DREQ pin there is a minimum interval of four states from 
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled 
during the time between the transfer request and the start of the transfer. In short address mode 
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the 
pin is next sampled at the end of one block transfer. 

Figure 8-16 shows the timing when the DMAC is activated by the falling edge of DREQ in 
normal mode. 
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Figure 8-16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode 


Figure 8-17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in 
normal mode. 













CPU cycle I DMAC cycle I CPU cycle 
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Figure 8-17 Timing of DMAC Activation by Low DREQ Level in Normal Mode 

Figure 8-18 shows the timing when the DMAC is activated by the falling edge of DREQ in block 
transfer mode. 
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Figure 8-18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer 

Mode 
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8.4.9 Multiple-Channel Operation 


The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B. 
Table 8-12 shows the complete priority order. 

Table 8-12 Channel Priority Order 

Short Address Mode Full Address Mode Priority 

Channel OA Channel 0 

Channel OB 

Channel 1A Channel 1 

Channel 1B 



Multiple-Channel Operation: If transfers are requested on two or more channels simultaneously, 
or if a transfer on one channel is requested during a transfer on another channel, the DMAC 
operates as follows. 

• When a transfer is requested, the DMAC requests the bus right When it gets the bus right, it 
starts a transfer on the highest-priority channel at that time. 

• Once a transfer starts on one channel, requests to other channels are held pending until that 
channel releases the bus. 

• After each transfer in short address mode, and each externally-requested or cycle-steal 
transfer in normal mode, the DMAC releases the bus and returns to step 1. After releasing the 
bus, if there is a transfer request for another channel, the DMAC requests the bus again. 

• After completion of a burst-mode transfer, or after transfer of one block in block transfer 
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a 
higher-priority channel or a bus request from a higher-priority bus master, however, the 
DMAC releases the bus after completing the transfer of the current byte or word. After 
releasing the bus, if there is a transfer request for another channel, the DMAC requests the 
bus again. 

Figure 8-19 shows the timing when channel OA is set up for I/O mode and channel 1 for burst 
mode, and a transfer request for channel OA is received while channel 1 is active. 
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Figure 8-19 Timing of Multiple-Channel Operations 
8.4*10 External Bus Requests, Refresh Controller, and DMAC 

During a DMA transfer, if the bus right is requested by an external bus request signal (BREQ) or 
by the refresh controller, the DMAC releases the bus after completing the transfer of the current 
byte or word. If there is a transfer request at this point, the DMAC requests the bus right again. 
Figure 8-20 shows an example of the timing of insertion of a refresh cycle during a burst transfer 
on channel 0. 



Refresh 

DMAC cycle (channel 0) | cycle | DMAC cycle (channel 0) 

0 

T, 12 T, 12 l^ l2 T, l2 l^ l2 Td Ti l2 l^ l2 T, T2 

1 1 1 1 1 II 1 1 

Address 

bus 

1 r~i i i ri i i 

1 1 1 I 1 II 1 1 

RD 

1 i : : ; i : I i _r 

1 1 1 1 1 II 1 1 

HWR, LWR i i i i i : i ; i 

1 • .—.. J 1 • . • II 1 . 1 


Figure 8-20 Bus Timing of Refresh Controller and DMAC 
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8.4.11 NMI Interrupts and DMAC 

NMI interrupts do not affect DMAC operations in short address mode. 

If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations. 
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI 
input clears the DTME bit to 0. After transferring the current byte or word, the DMAC releases 
the bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the 
DTME bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to 0 before 
setting the DTME bit to 1. 

Figure 8-21 shows the procedure for resuming a DMA transfer in normal mode on channel 0 after 
the transfer was halted by NMI input. 



1. Check that DTE = 1 and DTME = 0. 

2. Read DTCRB while DTME » 0, 
then write 1 in the DTME bit. 


Figure 8-21 Procedure for Resuming a DMA Transfer Halted by NMI (Example) 


For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts 
and Block Transfer Mode. 
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8.4.12 Aborting a DMA Transfer 


When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the 
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode, 
the DTME bit can be used for the same purpose. Figure 8-22 shows the procedure for aborting a 
DMA transfer by software. 



1. Clear the DTE bit to 0 in DTCR. 

To avoid generating an interrupt when 
aborting a DMA transfer, clear the DUE 
bit to 0 simultaneously. 


Figure 8-22 Procedure for Aborting a DMA Transfer 





8.4.13 Exiting Full Address Mode 


Figure 8-23 shows the procedure for exiting full address mode and initializing the pair of 
channels. To set the channels up in another mode after exiting full address mode, follow the setup 
procedure for the relevant mode. 



Initialized and halted 


1. Clear the DTE bit to 0 in DTCRA, or wait 
for the transfer to end and the DTE bit 
to be cleared to 0. 

2. Clear all DTCRB bits to 0. 

3. Clear all DTCRA bits to 0. 


Figure 8-23 Procedure for Exiting Full Address Mode (Example) 




8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode 


When the chip is reset or enters hardware or software standby mode, the DMAC is initialized, 
DMAC operations continue in sleep mode. Figure 8-24 shows the timing of a cycle-steal transfer 
in sleq> mode. 
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Figure 8-24 Timing of Cycle-Steal Transfer in Sleep Mode 
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8.5 Interrupts 

The DMAC generates only DMA-end interrupts. Table 8-13 lists the interrupts and their priority. 
Table 8-13 DMAC Interrupts 


Description 


Interrupt 

Short Address Mode 

Full Address Mode 

Interrupt Priority 

DENDOA 

End of transfer on channel OA 

End of transfer on channel 0 

High 

DENDOB 

End of transfer on channel OB 

— 

: f 

DEND1A 

End of transfer on channel 1A 

End of transfer on channel 1 

. I 

DEND1B 

End of transfer on channel 1B 

— 

Low 


Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control 
register (DTCR). Separate interrupt signals are sent to the interrupt controller. 

The interrupt priority order among channels is channel 0 > channel 1 and channel A > channel B. 

Figure 8-25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and 
DTIE=1. 



Figure 8-25 DMA-End Interrupt Logic 


The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The 
DTME bit does not affect interrupt operations. 
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8.6 Usage Notes 

8.6.1 Note on Word Data TVansfer 

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set 
even values in the memory and I/O address registers (MAR and lOAR). 

8.6.2 DMAC Self-Access 

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified 
as source or destination addresses. 

8.6 J Longword Access to Memory Address Registers 

A memory address register can be accessed as longword data at the MARK address. 

Example 

MOV.L #LBL, ERO 
MOV.L ERO, @MARR 

Four byte accesses are performed. Note that the CPU may release the bus between the second byte 
(MARE) and third byte (MARK). 

Memory address registers should be written and read only when the DMAC is halted. 

8.6.4 Note on Full Address Mode Setup 

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to 
prevent the B channel from operating in short address mode during the register setup. The enable 
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure. 
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8.6.5 Note on Activating DMAC by Internal Interrupts 

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as 
the activating source does not occur during the interval after it has been selected but before the 
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should 
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on- 
chip supporting module is active, follow the procedure in figure 8-26. 



DMAC operates 


1. While the DTE bit is cleared to 0, 
interrupt requests are sent to the 
CPU. 

2. Clear the interrupt enable bit to 0 
in the interrupt-generating on-chip 
supporting module. 

3. Enable the DMAC. 

4. Enable the DMAC-activating 
interrupt. 


Figure 8-26 Procedure for Enabling DMAC while On-Chip Supporting 
Module is Operating (Example) 

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected 
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for 
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC 
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue 
DMAC operations, carry out steps 2 and 4 in figure 8-26 before and after setting the DTME bit 
to 1. 
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When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before 
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next 
interrupt does not occur before the DMA transfers end on all the activated channels. If the next 
interrupt occurs before a transfer ends, the channel or channels for which that interrupt was 
selected may fail to accept further activation requests. 

8.6.6 NMI Interrupts and Block IVansfer Mode 

If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows. 

• When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, 
then clears the DTME bit to 0 and halts. The halt may occur in the middle of a block. 

It is possible to find whether a transfer was halted in the middle of a block by checking the 
block size counter. If the block size counter does not have its initial value, the transfer was 
halted in the middle of a block. 

• If the transfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. 
The activation request is not held pending. 

• While the DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does 
not accept activating interrupt requests. If an activating interrupt occurs in this state, the 
DMAC does not operate and does not hold the transfer request pending internally. Neither is a 
CPU interrupt requested. 

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating 
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. 

See section 8.6.5, Note on Activating DMAC by Internal Interrupts. 

• When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted 
in the middle of a block transfer, the rest of the block is transferred when the next transfer 
request occurs. Otherwise, the next block is transferred when the next transfer request occurs. 

8.6.7 Memory and I/O Address Register Values 

Table 8-14 indicates the address ranges that can be specified in the memory and I/O address 
registers (MAR and lOAR). 
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Table 8-14 Address Ranges Specifiable in MAR and lOAR 



1-Mbyte Mode 

16-Mbyte Mode 

MAR 

H’OOOOO to H'FFFFF 
(Oto 1048575) 

H'OOOOOOtoH’FFFFFF 
(Oto 16777215) 

lOAR 

H’FFFOO to H’FFFFF 
(1048320 to 1048575) 

H’FFFFOO to H’FFFFFF 
(16776960 to 16777215) 


MAR bits 23 to 20 are ignored in 1-Mbyte mode. 

8.6.8 Bus Cycle when Transfer b Aborted 

When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the DTME 
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead 
cycle may occur. This dead cycle does not update the halted channel’s address register or counter 
value. Figure 8-27 shows an example in which an auto-requested transfer in cycle-steal mode on 
channel 0 is aborted by clearing the DTE bit in channel 0. 


CPU cycle j DMAC cycle j CPU cycle 

DMAC 1 
cycle 

CPU cycle 

Ti T2 Td Ty T2 1} T2 T2 T3 1 

jirumnnimanj 

1 1 

1 1 

1 1 

1 i 

-r- 

Td Td T, Tz 

miUL 

Address bus 

i 




— 

i 1 

1 1 

1 1 


RD 




I 


zz 

HWR, LWR 

i_ 

^ 

i DTE bit is 

1 cleared 



Figure 8-27 Bus Timing at Abort of DMA Transfer in Cycle-Steal Mode 
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Section 9 I/O Ports 


9.1 Overview 

The H8/3042 Series has 10 input/output ports (ports 1,2,3,4,5, 6 , 8 ,9, A, and B) and one input 
port (port 7). Table 9-1 summarizes the port functions. The pins in each port are multiplexed as 
shown in table 9-1. 

Each port has a data direction register (DDR) for selecting input or output, and a data register (DR) 
for storing output data. In addition to these registers, ports 2,4, and 5 have an input pull-up control 
register (PCR) for switching input pull-up transistors on and off. 

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can 
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington pair. 
Ports 1,2,5, and B can drive LEDs (with 10-mA current sink). Pins P 82 to PSq, PA 7 to PAq, and 
PB 3 to PBq have Schmitt-trigger input circuits. 

For block diagrams of the ports see appendix C, I/O Port Block Diagrams. 



Table 9-1 Port Functions (1) 


Port 

Deocriplion 

Pins 

Model Mode 2 Mode 3 Mode 4 Mode 5 

Mode 6/7 

Port 1 

• S-bit I/O port PI7 to P V 

• Can drive LEDs Aj to Aq 

Address output pins (A7 to Aq) Address output (A7 to 

Aq) and generic input 
DDR = 0 : 
generic input 

DDR = 1: 

Generic 

input/ 

output 




address output 


Port 2 

• 8-bit I/O port 

• input pull-up 

• Can drive LEDs 

P27 to PV 

Ai 5 to Ag 

Address output pins (A^5 to Ag) Address output (A^g to 

Ag) and generic input 
DDR = 0 : 

Generic 

input/ 

output 




generic input 

DDR = 1: 
address output 


Port 3 

• 8-bit I/O port 

P 37 toP 3 (/ 

0,5 to Dg 

Data input/output (D^g to Dg) 

Generic 

input/ 

output 

Port 4 

• 8-bit I/O port 

• Input pull-up 

P47 to P 4 (/ 

D7 to Dq 

Data input/output (D7 to Dq) and 8-bit generic input/output 
8-bit bus mode: generic input/output 

16 -bit bus mode: data input/output 

Generic 

input/ 

output 

Ports 

• 4 -bit I/O port 

• input pull-up 

• Can drive LEDs 

PSgtoPV 

A^g to Aie 

Address output (A^g to A^g) Address output (A^g to 

A^g) and generic input 
DDR = 0: 

Generic 

input/ 

output 




generic input 

DDR = 1: 
address output 


Ports 

• 7 -bit I/O port 

PSe/LWR, 

P65/HWR, 

P64/RD, 

PSa/AS 

Bus control signal output (LWR, HWR, RD, AS) 

Generic 

input/ 

output 



P62/BACK, 

P61/BREQ, 

PSqA^AIT 

Bus control signal input/output (BACK, BREQ, WAIT) and 
3 -bit generic input/output 


Port? 

• 8-bit input port 

P77/AN7/DA1. 

PlefAHe/DAo 

Analog input (AN7, ANg) to A/D converter, analog output (DA^, DAq) 
from D/A converter, and generic input 



P 75 toP 7 o/ 

ANgtoANo 

Analog input (ANg to ANg) to A/D converter, and generic input 

Ports 

• 5 -bil I/O port 

• P82 to P80 have 
Schmitt inputs 

P84/CS^ 

DDR = 0 : generic input 

DDR = 1 (reset value): CSg output 

Generic 

input/ 

output 



PSa/CS^/iROi. 

PSj/C^FR?^, 

P8i/C^/IRS^ 

IRO3 to input, to CS3 output, and generic input 

DDR = 0 (reset value): generic input 

DDR = 1 : to output 

(RJ^to 
IRQo 
input and 



PSq/RFSH/IROo IROq input, RF 5 H output, and generic input/output 

generic 

input/ 





output 
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Table 9-1 Port Functions (1) (cont) 


Port Description Pins Model Mode2 Mode3 Mode4 Mode5 Mode6/7 

Port 9 • 6-bit I/O port PQg^SCK^/ iRQs , Input and output (SCK^, SCKq, RxDi, RxDq, IxP^ , Tx Dq) fo r serial 

P94/SCKo/iRQ4, communication interfaces 1 and 0 (SC 1 1/0), IRQ5 and IRQ4 input, and 
P93 /RxD^, 6-bit generic Input/output 
P92/RxDo, 

P 9 ,/TxDi, 

P 9 o/TxDo 

Port A • 8-bit I/O port PA7/TP7/ Output (TP7) Address output 

• Schmitt inputs TIOCB^A2o from pro- (A20) 

grammable 
timing pattern 
controller (TPC), 
input or output 
(TIOCB2) for 
16 -bit integrated 
timer-pulse unit 
(ITU), and 
generic input/ 
output 

TPC output TPC output TPC output (TPe to TP4), ITU 

(TPs to TP4), (TPe to TP4), input and output (TIOCA2, 

ITU input and ITU input and TIOCBi, TIOCA^), and generic 

output (TIOCA2, output (TIOCA2, input/output 

TIOCB1, TIOCB1. 

TIOCAi),and TIOCA,), 

generic input/ address output 

output (A23toA2i), 

and generic 
input/output 

PAa/TPy TPC output (TP3 to TPq), output (TEnDi, TEnDq) from DMA controller 
TIOCB(/TCLKD, (DMAC), ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA, 
PA2/TP2/ TIOCBq, TIOCAq), and generic input/outpul 

TIOCA(/TCLKC. 

PA,/TP t/ 

T 0 SfD 7 /TCLKB. 

PAoTTP o/ 

TTF4TVTCLKA 

Port B • 8-bit I/O port PB7/TP15/ TPC output (TP15 to TPg), DMAC input (DREQ^, DREQo), trigger 

• Can drive LEDs DrEQi/ADTRC, input (ADTRG) to A/D converter, ITU input and output (TOCXB4, 

• PB3 to PBq PBg/TPu/ TOCXA4. TIOCB4, TIOCA4, TIOCB3, TIOCA3), and 8-bit generic 

have Schmitt DREQq, input/output 

inputs PBe/TPis/ 

TOCXB4. 

PB4/TP12/ 

TOCXA4, 

PB^fTPuf 

TIOCB4, 

PB2fTP^of 

TIOCA4. 

PBi/TP/riOCB3, 

PBc/TPe/TIOCA3 


PAe/TPe/ 

TIOCA 2 /A 21 . 

PA5/TP5/ 

TIOCB1/A22. 

PA4/TP4/ 

TIOCA1/A23 


TPC output (TP7), ITU input or 
output (TIOCB2), and generic 
input/output 
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9.2 Port 1 


9.2.1 Overview 

Port 1 is an 8 -bit input/output port with the pin configuration shown in figure 9-1. The pin functions 
differ between the expanded modes with on-chip ROM disabled, expanded mode with on-chip 
ROM enabled, and single-chip modes. In modes 1 to 4 (expanded modes with on-chip ROM 
disabled), they are address bus ou^ut pins (A 7 to Aq). 

In mode 5 (expanded mode with on-chip ROM enabled), settings in the port 1 data direction 
register (PIDDR) can designate pins for address bus output (A 7 to Aq) or generic input. In modes 6 
and 7 (single-chip modes), port 1 is a generic input/output port. 

When DRAM is connected to area 3, A 7 to Aq output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 


Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 


Port 1 pins 

Modes 1 to 4 

Mode 5 

Modes 6 and 7 


-—- PI 7 /A 7 

A 7 (output) 

PI 7 (input)/A 7 (output) 

PI 7 (input/output) 


--► Ple/Ae 

A 6 (output) 

Pig (input)/A 6 (output) 

Pig (input/output) 


--► PI 5 /A 5 

A 5 (output) 

PI 5 (input)/A 5 (output) 

PI 5 (input/output) 


-•-► PI 4 /A 4 

A 4 (output) 

PI 4 (input)/A 4 (output) 

PI 4 (input/output) 


Port 1 





--► PI 3 /A 3 

A 3 (output) 

PI 3 (input)/A 3 (output) 

PI 3 (input/output) 


^ PI 2 /A 2 

A 2 (output) 

PI 2 (input)/A 2 (output) 

PI 2 (input/output) 


--► PI 1 /A 1 

Ai (output) 

PI -1 (input)/Ai (output) 

PI 1 (input/output) 


^ PIq/Aq 

Aq (output) 

PIq (input)/Ao (output) 

Pig (input/output) 


Figure 9-1 Port 1 Pin Configuration 
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9.2 J Register Descriptions 

Table 9-2 summarizes the registers of port 1. 


Table 9-2 

Port 1 Registers 




Initial Value 

Address* 

Name 

Abbreviation 

R/W 

Modes 1 to 4 Modes 5 to 7 

H’FFCO 

Port 1 data direction register 

P1DDR 

w 

H’FF 

H’OO 

H’FFC2 

Port 1 data register 

P 1 DR 

RAV 

H’OO 

H’OO 


Note: * Lower 16 bits of the address. 


Port 1 Data Direction Register (PIDDR): PIDDR is an 8-bit write-only register that can select 
input or output for each pin in port 1. 


Bit 



7 

6 

5 

4 

3 

2 

1 

0 


PI7DDR 

PleDDR 

PI5DDR 

PI 4 DDP 

PI3DDR 

PI 2 DDP 

P 11 DDR 

P 10 DDR 

Modes 

[ Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

1 to4 ’ 

[Pead/Write 

— 

— 

— 

— 

— 

— 

— 

■— 

Modes 

\Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

5to7 ^ 

[Pead/Write 

w 

w 

w 

w 

w 

w 

w 

w 


Port 1 data direction 7 to 0 

These bits select input or 
output for port 1 pins 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): PIDDR values are fixed at 1 
and cannot be modified. Port 1 functions as an address bus. 

Mode 5 (Expanded Mode with On-Chip ROM Enabled): A pin in port 1 becomes an address 
output pin if the corresponding PIDDR bit is set to 1, and a generic input pin if this bit is cleared 
toO. 

Modes 6 and 7 (Single-Chip Modes): Port 1 functions as an input/output port. A pin in port 1 
becomes an output pin if the corresponding PIDDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 
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In modes 5 to 7, PIDDR is a write-only register. Its value cannot be read. All bits return 1 when 
read. 

PIDDR is initialized to ITOO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PIDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 1 Data Register (PIDR): PIDR is an 8 -bit readable/writable register that stores data for pins 
PI 7 to PIq. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PI 7 

P16 

PI 5 

PI 4 

PI 3 

PI 2 

PI 1 

PI 0 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

RAW 

RAW 

RAW 

RAW 

R/W 

R/W 


Port 1 data 7 to 0 

These bits store data for port 1 pins 


When a bit in PIDDR is set to 1, if port 1 is read the value of the corresponding PIDR bit is 
returned directly, regardless of the actual state of the pin. When a bit in PIDDR is cleared to 0, if 
port 1 is read the corresponding pin level is read. 

PIDR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.23 Pin Functions in Each Mode 


The pin functions of port 1 differ between modes 1 to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of peat 1 automatically 
become address output pins. Figure 9-2 shows the pin functions in modes 1 to 4. 


-► Ay (output) 

-► Ag (output) 

-► Ag (output) 

-► A4 (output) 

-► A3 (output) 

-► A2 (output) 

-► A^ (output) 

-► Aq (output) 


Figure 9-2 Pin Functions in Modes 1 to 4 (Port 1) 


Port 1 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 1. A pin becomes an address output pin if the corresponding PIDDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Following a reset, all pins are input 
pins. To use a pin for address output, its PIDDR bit must be set to 1. Figure 9-3 shows the pin 
functions in mode 5. 



When PIDDR = 1 

When P1DDR = 0 

-— 

A7 (output) 

PI7 (input) 


Ag (output) 

Pie (input) 


Ag (output) 

PI 5 (input) 


A4 (output) 

PI 4 (input) 


A3 (output) 

PI 3 (input) 


A2 (output) 

PI 2 (input) 


A^ (output) 

PI1 (input) 


Aq (output) 

PIq (input) 


Figure 9-3 Pin Functions in Mode 5 (Port 1) 

Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 1. A pin becomes an output pin if the corresponding PIDDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-4 shows the pin functions in modes 6 and 7. 



PI 7 (input/output) 
Pig (input/output) 
PI 5 (input/output) 
PI4 (input/output) 
PI3 (input/output) 
PI2 (input/output) 
PI-I (input/output) 
PI0 (input/output) 


Figure 9-4 Pin Functions in Modes 6 and 7 (Port 1) 
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9.3 Port 2 


9J.1 Overview 

Port 2 is an 8 -bit input/output port with the pin configuration shown in figure 9-5. 

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus 
output pins (Ai 5 to Ag). In mode 5 (expanded mode with on-chip ROM enabled), settings in the 
port 2 data direction register (P2DDR) can designate pins for address bus output (A 15 to Ag) or 
generic input In modes 6 and 7 (single-chip modes), port 2 is a generic input/output port 

When DRAM is connected to area 3, A 9 and Ag output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 

Port 2 has software-programmable built-in pull-up transistors. Pins in port 2 can drive one TTL 
load and a 90-pF capacitive load. They can also drive a darlington transistor pair. 


Port 2 pins 

Modes 1 to 4 

Mode 5 

Modes 6 and 7 


“• ► P27/A15 

A, 5 (output) 

C\J 

CL 

(input)/Ai5 (output) 

P27 (input/output) 


--- P26 /Au 

Ai 4 (output) 

P26 

(input)/A.|4 (output) 

P26 (input/output) 


-► P25/A13 

Ai 3 (output) 

P 25 

(input)/Ai3 (output) 

P25 (input/output) 


^ P 24 /A -|2 

A-12 (output) 

P 24 

(jnput)/Ai^ (output) 

P24 (input/output) 


Port 2 






--- P23/A,i 

A-11 (output) 

P 23 

(input)/Aii (output) 

P23 (input/output) 


--^ P22/A10 

A10 (output) 

P22 

(input)/Aio (output) 

P22 (input/output) 


--^ P2,/A9 

Ag (output) 

P2i 

(input)/A9 (output) 

P2-I (input/output) 


--► P2 o/A8 

Ag (output) 

P 2 o 

(input)/Ag (output) 

P2o (input/output) 


Figure 9-5 Port 2 Pin Configuration 
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9 J .2 Register Descriptions 

Table 9-3 summarizes the registers of port 2. 


Table 9-3 

Port 2 Registers 




Initial Value 

Address* 

Name 

Abbreviation 

RAV 

Modes 1 to 4 Modes 5 to 7 

H’FFCI 

Port 2 data direction register 

P2DDR 

W 

H'FF 

H'OO 

H’FFC3 

Port 2 data register 

P2DR 

RAV 

H’OO 

H’OO 

H’FFDS 

Port 2 input pull-up control register 

P2PCR 

RW 

H’OO 

H’OO 


Note: ♦ Lower 16 bits of the address. 


Port 2 Data Direction Register (P2DDR): P2DDR is an 8 -bit write-only register that can select 
input or output for each pin in port 2. 


Bit 


Modes 
1 to4 ' 


oc 

Q 

Q 

CM 

CL 

P26DDR 

P2sDDR 

P24DDR 

P23DDR 

P22DDR 

P2iDDR 

P2oDDR 


Initial value 1 
Read/Write — 


Modesf Initial value 0 0 0 0 0 0 0 0 

5 *0 7 [Read/Write WWWWWWWW 


Port 2 data direction 7 to 0 

These bits select input or 
output for port 2 pins 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1 
and cannot be modified. Port 2 functions as an address bus. 

Mode 5 (Expanded Mode with On-Chip ROM Enabled): A pin in port 2 becomes an address 
output pin if the corresponding P2DDR bit is set to 1, and a generic input pin if this bit is cleared 
toO. 

Modes 6 and 7 (Single-Chip Modes): Port 2 functions as an input/output port. A pin in port 2 
becomes an ouQiut pin if the corresponding P2DDR bit is set to 1, and an input pin if this bit is 
cleared to 0 . 
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In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when 
read. 

P2DDR is initialized to ITOO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P2DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 2 Data Register (P2DR): P2DR is an 8 -bit readable/writable register that stores data for pins 
P 27 to P2 q. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


CNJ 

Q. 

P26 

P25 

P24 

CO 

CM 

Cl 

CVi 

CM 

Q. 

P2i 

0 

CM 

CL 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R)W 

R/W 

R/W 

RM 

RAV 

R/W 

R/W 

R/W 


Port 2data 7too 

These bits store data for port 2 pins 


When a bit in P2DDR is set to 1, if port 2 is read the value of the corresponding P2DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P2DDR is cleared to 0, if 
port 2 is read the corresponding pin level is read. 

P2DR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 2 Input Pull-Up Control Register (P2PCR): P2PCR is an 8 -bit readable/writable register 
that controls the MOS input pull-up transistors in port 2. 

Bit 7 6 5 4 3 2 1 0 


P27PCR 

P26PCR 

P25PCR 

P24PCR 

P23PCR 

P22PCR 

P 2 iPCR 

P 2 oPCR 


Initial value 00000000 

ReadAVrite R/W R/W R/W R/W R/W R/W R/W R/W 

Port 2 input pull-up control 7 to 0 
These bits control input pull-up 
transistors built into port 2 


In modes 5 to 7, when a P2DDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P 27 PCR to P2 qPCR is set to 1, the input pull-up transistor is turned on. 

P2PCR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9JJ Pin Functions in Each Mode 


The pin functions of port 2 differ between modes 1 to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 2 automatically 
become address output pins. Figure 9-6 shows the pin functions in modes 1 to 4. 


Ai 5 (output) 
Ai 4 (output) 
Ai 3 (output) 
A 12 (output) 
All (output) 
A 10 (output) 
Ag (output) 
Ag (output) 


Figure 9-6 Pin Functions in Modes 1 to 4 (Port 2) 


Port 2 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 2. A pin becomes an address output pin if the corresponding P2DDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Following a reset, all pins are input 
pins. To use a pin for address output, its P2DDR bit must be set to 1. Figure 9-7 shows the pin 
functions in mode 5. 


When P2DDR 1 When P2DDR r 0 



A15 (output) 
A14 (output) 
A13 (output) 
A12 (output) 
All (output) 
A10 (output) 
A9 (output) 
A3 (output) 


P27 (input) 
P26 (input) 
P25 (input) 
P24 (input) 
P23 (input) 
P22 (input) 
P2i (input) 
P2o (input) 


Figure 9-7 Pin Functions in Mode 5 (Port 2) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 2. A pin becomes an output pin if the corresponding P2DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-8 shows the pin functions in modes 6 and 7. 



P27 (input/output) 
P2e (input/output) 
P25 (input/output) 
P24 (input/output) 
P23 (input/output) 
P22 (input/output) 
P2i (input/output) 
P2o (input/output) 


Figure 9-8 Pin Functions in Modes 6 and 7 (Port 2) 
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93A Input Pull-Up TVansistors 

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 5 to 7. They can be turned on and off individually. 

In modes 5 to 7, when a P2PCR bit is set to 1 and the corresponding P2DDR bit is cleared to 0, the 
input pull-up transistor is turned on. 

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 

Table 9-4 sununarizes the states of the input pull-iq) transistors. 

Table 9-4 Input Pull-Up Transistor States (Port 2) 


Mode Reset Hardware Standby Mode Software Standby Mode Other Modes 


1 

2 

3 

4 

Off 

Off 

Off 

Off 

5 

Off 

Off 

On/off 

On/off 

6 





7 






Legend 

Off; The input pull-up transistor is always off. 

On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off. 
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9.4 Ports 


9.4,1 Overview 

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 9-9. Port 3 is a data 
bus in modes 1 to 5 (expanded modes) and a generic input/output port in modes 6 and 7 (single¬ 
chip modes). 

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 


Port 3 pins 

Modes 1 to 5 

Modes 6 and 7 


--► P37/D15 

Di 5 (input/output) 

P37 (input/output) 


► P 36 /Di 4 

D-I4 (input/output) 

P 36 (input/output) 


^ -► P35/D13 

0^3 (input/output) 

P35 (input/output) 


^ ^ P 34 /D ‘(2 

Di 2 (input/output) 

P34 (input/output) 


Port 3 




-— ► P33/D11 

(input/output) 

P33 (input/output) 


► P32/D-10 

D10 (input/output) 

P32 (input/output) 


- -PSi/Dg 

Dg (input/output) 

P 3 -I (input/output) 


- -► P 3 o/D 8 

Dg (input/output) 

P 3 o (input/output) 


Figure 9-9 Port 3 Pin Configuration 


9AJ1 Register Descriptions 

Table 9-5 summarizes the registers of port 3. 

Table 9-5 Port 3 Registers 


Address* 

Name 

Abbreviation 

R/W 

Initial Value 

H'FFC4 

Port 3 data direction register 

P3DDR 

w 

H*00 

H’FFCe 

Port 3 data register 

P3DR 

R/W 

H’OO 


Note: * Lower 16 bits of the address. 
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select 
input or output for each pin in port 3. 


Bit 7 6 5 4 3 2 1 0 


Initiai value 
Read/Write 


Port 3 data direction 7 to 0 

These bits select input or output for port 3 pins 


P37DDR 

PSeDDR 

P35DDR 

P34DDR 

P33DDR 

DC 

0 

Q 

CM 

CO 

CL 

P 3 iDDR 

P 3 oDDR 


00000000 

WWWWWWWW 


Modes 1 to 5 (Expanded Modes): Port 3 functions as a data bus. P3DDR is ignored. 

Modes 6 and 7 (Single-Chip Modes): Port 3 functions as an input/output port. A pin in port 3 
becomes an output pin if the corresponding P3DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 

P3DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P3DDR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 3 Data Register (P3DR): P3DR is an 8-bit readable/writable register that stores data for pins 
P37toP3o. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P37 

P36 

P35 

P34 

P33 

P32 

P3i 

P3o 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

R/W 

RAW 

RAW 

RAW 

R/W 

R/W 


Port 3 data 7 to 0 

These bits store data for port 3 pins 


When a bit in P3DDR is set to 1, if port 3 is read the value of the corresponding P3DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P3DDR is cleared to 0, if 
port 3 is read the corresponding pin level is read. 

P3DR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9 A3 Pin Functions in Each Mode 


The pin functions of port 3 differ between modes 1 to 5 (expanded modes), and modes 6 and 7 
(single-chip modes). The pin functions in each mode are described below. 

Modes 1 to 5 (Expanded Modes): All pins of port 3 automatically become data input/output pins. 
Figure 9-10 shows the pin functions in modes 1 to 5. 



Di 5 (input/output) 
0^4 (input/output) 
D-13 (input/output) 
D^2 (input/output) 
(input/output) 
D^o (input/output) 
Dg (input/output) 
□a (input/output) 


Figure 9-10 Pin Functions in Modes 1 to 5 (Port 3) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 3. A pin becomes an output pin if the corresponding P3DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-11 shows the pin functions in modes 6 and 7. 


P 3 j (input/output) 
PSe (input/output) 
PSs (input/output) 
-► P34 (input/output) 
P33 (input/output) 
P32 (input/output) 
P 3 i (input/output) 
P 3 o (input/output) 


Figure 9-11 Pin Functions in Modes 6 and 7 (Port 3) 


Port 3 
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9.5 Port 4 


9.5.1 Overview 

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9-12. The pin 
functions differ between the 8-bit bus modes and modes 6 and 7 (single-chip modes), and the 16-bit 
bus modes. 

In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates areas 
0 to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic 
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip 
operates in 16-bit bus mode and port 4 becomes part of the data bus. In modes 6 and 7 (single-chip 
modes), port 4 is a generic input/output port. 

Port 4 has software-programmable built-in pull-up transistors. 


Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 



Port 4 pins 

8-blt bus mods 

16-bit bus mode*2 



and modes 6 and 7 




-► P47/D7 

P47 (input/output) 

D7 (input/output) 



--► P 46 /D 6 

P 46 (input/output) 

De (input/output) 



-—- P45/D5 

P45 (input/output) 

D5 (input/output) 



-«—► P44/D4 

P44 (input/output) 

D4 (input/output) 


Port 4 






-—- P43/D3 

P43 (input/output) 

D3 (input/output) 



► P42/D2 

P42 (input/output) 

□2 (input/output) 



-► P 4 i/Di 

P 4 i (input/output) 

D-i (input/output) 



--- P 4 o/Do 

P 4 o (input/output) 

Dq (input/output) 

Notes: 1. Initial state in modes 1, 3 , and 5 . 


2 . Initial state in modes 2 and 4 . 




Figure 9-12 Port 4 Pin Configuration 
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9,5^ Register Descriptions 

Table 9-6 summarizes the registers of port 4. 

Table 9-6 Port 4 Registers 


Address* 

Name 

Abbreviation 

R/W 

Initiai Vaiue 

HFFC5 

Port 4 data direction register 

P4DDR 

W 

H'OO 

H'FFC7 

Port 4 data register 

P4DR 

R/W 

H’OO 

H'FFDA 

Port 4 input pull-up control register 

P4PCR 

RAV 

H’OO 


Note: Lower 16 bits of the address. 


Port 4 Data Direction Register (P4DDR): P4DDR is an 8-bit write-only register that can select 
input or output for each pin in port 4. 

Bit 76543210 


P47DDR 

P46DDR 

P45DDR 

P44DDR 

P43DDR 

P42DDR 

P4iDDR 

P4oDDR 


Initial value 00000000 

ReaciWrlte WWWWWWWW 


Port 4 data direction 7 to 0 

These bits select input or output for port 4 pins 


8 -Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When all areas are designated as 
8 -bit-access areas, selecting 8-bit bus mode, port 4 functions as a generic input/ou4)ut port. A pin in 
port 4 becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit 
is cleared to 0. 

16-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When at least one area is designated as a 
16-bit-access area, selecting 16-bit bus mode, port 4 functions as part of the data bus. 

Modes 6 and 7 (Single-Chip Modes): Port 4 functions as an input/output port. A pin in port 4 
becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 

P4DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P4DDR is initialized to H’(X) by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a 
generic input/output port, if a P4DDR bit is set to 1, the corresponding pin maintains its output state 
in software standby mode. 

Port 4 Data Register (P4DR): P4DR is an 8-bit readable/writable register that stores data for pins 
P47 to P4o. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P47 

P46 

P45 

P44 

P43 

P42 

CL 

P4o 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

fWJ 

RW 

R^V 


R/W 


Port 4 data 7 to 0 

These bits store data for port 4 pins 


When a bit in P4DDR is set to 1, if port 4 is read the value of the corresponding P4DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P4DDR is cleared to 0, if 
port 4 is read the corresponding pin level is read. This applies in both 8-bit and 16-bit bus modes. 

P4DR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 4 Input Pull-Up Control Register (P4PCR): P4PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 4. 

Bit 


initial value 

ReadWrite R/W R/W R/W R/W RAV R/W R/W R/W 


7 6 5 4 3 2 1 0 


P47PCR 

P 46 PCR 

P45PCR 

P44PCR 

P43PCR 

P 42 PCR 

P 4 iPCR 

P 4 oPCR 


00000000 


Port 4 input pull-up control 7 to 0 

These bits control input puli-up transistors built into port 4 


In modes 6 and 7 (single-chip modes), and in 8-bit bus mode in modes 1 to 5 (expanded modes), 
when a P4DDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set 
to 1, the input pull-up transistor is turned on. 

P4PCR is initialized to H’OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9^ J Pin Functions in Each Mode 


The functions of pcMt 4 differ depending on whether 8-bit or 16-bit bus mode is selected by 
ABWCR settings. The pin functions in each mode are described below. 


8-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): Input or output can be selected separately 
for each pin in port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and 
an input pin if this bit is cleared to 0. Figure 9-13 shows the pin functions in 8-bit bus mode. This is 
the initial state in modes 1,3, and S. 


-► P47 (input/output) 

-► P46 (input/output) 

-•-► P45 (input/output) 

-► P44 (input/output) 

^ -► P43 (input/output) 

^ -► P42 (input/output) 

-► P4^ (input/output) 

-► P4o (input/output) 


Figure 9-13 Pin Functions in 8-Bit Bus Mode (Port 4) 


Port 4 
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16-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): The input/output settings in P4DDR are 
ignored. All pins of port 4 automatically become data input/ou5)ut pins. Figure 9-14 shows the pin 
functions in 16-bit bus mode. This is the initial state in modes 2 and 4. 



Dj (input/output) 
Dg (input/output) 
Dg (input/output) 
D 4 (Input/output) 
D 3 (Input/output) 
□2 (input/output) 
(input/output) 
Dq (input/output) 


Figure 9-14 Pin Functions in 16-Bit Bus Mode (Port 4) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and an input pin if 
this bit is cleared to 0. Figure 9-15 shows the pin functions in modes 6 and 7. 


-► P 47 (input/output) 

-P46 (input/output) 

-► P 45 (input/output) 

-► P 44 (input/output) 

-^ P 43 (input/output) 

-► P 42 (input/output) 

-► P4-( (input/output) 

^ P4o (input/output) 


Figure 9-15 Pin Functions in Modes 6 and 7 (Port 4) 


Port 4 
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9^.4 Input Pull-Up Transistors 

Port 4 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 6 and 7 (single-chip modes) and in 8-bit bus mode in 
modes 1 to 5 (expanded modes). They can be turiKd on and off individually. 

In modes 6 and 7 and in 8-bit bus mode in modes 1 to 3, when a P4PCR bit is set to 1 and the 
corresponding P4DDR bit is cleared to 0, the input pull-up transistor is turned on. 

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 


Table 9-7 summarizes the states of the input pull-ups in the 8-bit and 16-bit bus modes. 


Table 9-7 Input Pull-Up Transistor States (Port 4) 

Hardware 

Mode Reset Standby Mode 

Software 
Standby Mode 

other Modes 

1 to 5 8-bit bus mode Off Off 

On/off 

On/off 

16-bit bus mode 

Off 

Off 

6.7 

On/off 

On/off 

Legend 

Off: The input pull-up transistor is always off. 

On/off: The input pull-up transistor is on if P4PCR = 1 and P4DDR = 0. Otherwise, it is off. 
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9.6 Ports 


9.6,1 Overview 

Port 5 is a 4-bit input/output port with the pin configuration shown in figure 9-16. The pin functions 
differ depending on the operating mode. 

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output 
pins. In mode 5 (expanded mode with on-chip ROM enabled), settings in the port 5 data direction 
register (P5DDR) designate pins for address bus output (A 19 to Ajg) or generic input. In modes 6 
and 7 (single-chip modes), port 5 is a generic input/ou 5 )ut port 

Port 5 has software-programmable built-in pull-up transistors. 


Pins in port 5 can drive one TTL load and a 90-pF c^acitive load. They can also drive a LED or a 
darlington transistor pair. 


Ports 

pins 

Modes 1 to 4 

Modes 

Modes 6 and 7 

P 53 /A 19 

Ai 9 (output) 

P 53 (input)/Ai 9 (output) 

P53 

(input/output) 

P52/A13 

Ai 8 (output) 

P 52 (input)/Ai 8 (output) 

PSz 

(input/output) 

P5i/Ai7 

Ai 7 (output) 

P5i (input)/Ai 7 (output) 

P5i 

(input/output) 

P 5 o/Ai 6 

Ai 6 (output) 

PSq (input)/A-ie (output) 

P5o 

(input/output) 



Figure 9-16 Port 5 Pin Configuration 


9.6.2 Register Descriptions 

Table 9-8 summarizes the registers of port 5. 


Table 9-8 

Port 5 Registers 




Initial Value 

Address* 

Name 

Abbreviation 

FFW 

Modes 1 to 4 Modes S to 7 

H’FFCS 

Port 5 data direction register 

P5DDR 

w 

H'FF 

H’FO 

H'FFCA 

Port 5 data register 

P5DR 

mi 

H’FO 

H’FO 

H’FFDB 

Port 5 input pull-up control register 

P5PCR 

RAW 

H’FO 

H’FO 


Note: ♦ Lower 16 bits of the address. 
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Port 5 Data Direction Register (P5DDR): P5DDR is an 8-bit write-only register that can select 
input or output for each pin in pcxt 5. 


Bit 


Modes 
1 to 4 

Modes 
5 to 7 


initial value 1 
Read/Write — 
Initial value 1 
Read/Write — 


Reserved bits 


1 


PSaDDR P52DDR P51 DDR PSqDDR 


1 


1 


1 


0 

w 


0 

w 


0 

w 


0 

w 


Port 5 data direction 3 to 0 

These bits select input or 
output for port 5 pins 


Modes 1 to 4: P5DDR values are fixed at 1 and cannot be modified. Port 5 functions as an address 
bus. The reserved bits (PSvDDR to P 54 DDR) are also fixed at 1. 

Modes 5 to 7: P5DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P5DDR is initialized to HTO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P5DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 5 Data Register (P5DR): P5DR is an 8-bit readable/writable register that stores data for pins 
P 53 to PSq. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

P53 

P52 

P5, 

P5o 

inhiai value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

-- 

— 

— 

RAV 

R/W 

R/W 

R/W 


Reserved bits Port 5 data 3 to 0 

These bits store data 
for port 5 pins 


When a bit in P5DDR is set to 1, if port 5 is read the value of the corresponding P5DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P5DDR is cleared to 0, if 
port 5 is read the corresponding pin level is read. 

Bits PSv to P54 are reserved. They can be written and read, but they cannot be used for port input or 
output. 
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P5DR is initialized to HTO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 5 Input Pull-Up Control Register (P5PCR): P5PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 5. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

PSgPCR 

PSzPCR 

PSQPCR 

PSqPCR 


Initial value 1 1 1 1 0 0 0 0 

Read/Write — — — — RA/VR/WRA/VRM 


Reserved bits Port 5 input puli-up control 3 to 0 

These bits control input pull-up 
transistors built into port 5 


In modes 5 to 7, when a P5DDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P 53 PCR to PSqPCR is set to 1, the input pull-up transistor is turned on. 

P5PCR is initialized to HPO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

9.6 J Pin Functions in Each Mode 


The functions of port 5 differ between modes 1 to 4 (expanded modes with on-chip ROM disabled), 
mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip modes). The 
pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 5 automatically 
become address output pins. Figure 9-17 shows the pin functions in modes 1 to 4. 



Ai 9 (output) 
Ai8 (output) 
Ai 7 (output) 
Ai6 (output) 


Figure 9-17 Pin Functions In Modes 1 to 4 (Port 5) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 5. A pin becomes an address output pin if the corresponding P5DDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Figure 9-18 shows the pin functions 
in mode 5. 



When P5DDR s 1 

A 19 (output) 

A IS (output) 

A 17 (output) 

A 16 (output) 


When P5DDR r 0 

PSs (input) 

P52 (input) 

P5i (input) 

PSq (input) 


Figure 9-18 Pin Functions in Mode 5 (Port 5) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 5. A pin becomes an output pin if the corresponding P5DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-19 shows the pin functions in modes 6 and 7. 



PSs (input/output) 
P52 (input/output) 
P5i (input/output) 
PSq (input/output) 


Figure 9-19 Pin Functions in Modes 6 and 7 (Port 5) 
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9.6.4 Input Pull-Up TVansistors 

Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up 
transistors can be used in modes 5 to 7. They can be turned on and off individually. 

In modes 5 to 7, when a P5PCR bit is set to 1 and the corresponding P5DDR bit is cleared to 0, the 
input pull-up transistor is turned on. 

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 

Table 9-9 summarizes the states of the input pull-ups in each mode. 


Table 9-9 Input Pull-Up Transistor States (Port 5) 


Mode 

Reset 

Hardware Standby Mode 

Software Standby Mode 

Other Modes 

1 

2 

3 

4 

Off 

Off 

Off 

Off 

5 

6 

7 

Off 

Off 

On/off 

On/off 

Legend 

Off: 

On/off: 

The input pull-up transistor is always off. 
The input pull-up transistor is on if P5PCR 

« 1 and P5DDR = 0. Otherwise, it is off. 
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9.7 Port 6 


9.7.1 Overview 

Port 6 is a 7-bit input/output port that is also used for input and output of bus control signals (LWR, 
HWR. RD, AS. BACK, BREQ, and WAnO- When DRAM is connected to area 3, LWR, HWR, 
and RD also function as LW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For details 
see section 7, Refresh Controller. 

Figure 9-20 shows the pin configuration'of port 6 . In modes 1 to 5 (expanded modes) the pins 
functions are LWR, HWR, RD, AS, P 62 /BACK, P 61 /BREQ, and P 6 (/WAIT. In modes 6 and 7 
(single-chip modes) port 6 is a generic input/output port 


Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. 




Port 6 pins 

Modos 1 to 5 

Modes 6 and 7 




(expanded modes) 

(single-chip modes) 




PSe/LWR 

LWR (output) 

PSe (input/output) 




P65/HWR 

HWR (output) 

P65 (input/output) 




P64/RD 

RD (output) 

P64 (input/output) 


Port 6 


POg/Ag 

AS (output) 

P63 (input/output) 



**— 

P62/BACK 

P62 (input/output)/BACK (output) 

P62 (input/output) 




P61 / BREQ 

P61 (input/output)/BREQ (input) 

P6-1 (Input/output) 




— P6o/WAtT 

P60 (input/output)/WAIT (input) 

P60 (input/output) 


Figure 9-20 Port 6 Pin Configuration 


9.7 J Register Descriptions 

Table 9-10 summarizes the registers of port 6 . 


Table 9-10 

Port 6 Registers 



Initial Value 

Address* 

Name 

Abbreviation 


Modes 1 to 5 

H’FFC9 

Port 6 data direction register 

P6DDR 

w 

H’80 

H’FFCB 

Port 6 data register 

P6DR 

RAW 

H'80 


Note: ♦ Lower 16 bits of the address. 
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Port 6 Data Direction Register (P 6 DDR): P 6 DDR is an 8 -bit write-only register that can select 
input or output for each pin in port 6 . 

Bit 7 6 5 4 3 2 1 0 


— 

PSsDDR 

P65DDR 

P64DDR 

P63DDR 

P62DDR 

P61DDR 

P60DDR 


Initial value 1 0 0 0 0 0 0 0 

Read/Write — WWWWWWW 


Reserved bit Port 6 data direction 6 to 0 

These bits select input or output for port 6 pins 


Modes 1 to 5 (Expanded Modes): P6^ to P 63 function as bus control output pins (LWR, HWR, 
RD. AS). P 62 to P 60 are generic input/output pins, functioning as output pins when bits P 62 DDR to 
P 60 DDR are set to 1 and input pins when these bits are cleared to 0. 

Modes 6 and 7 (Single-Chip Modes): Port 6 is a generic input/output port A pin in port 6 
becomes an output pin if the corresponding P 6 DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. Bit 7 is reserved. 

P 6 DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P 6 DDR is initialized to H’80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P 6 DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 6 Data Register (P 6 DR): P 6 DR is an 8 -bit readable/writable register that stores data for pins 
P66toP6o. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

P66 

P65 

P64 

P63 

P62 

CO 

CL 

P60 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

R/W 

RAV 

RAW 

RAW 

R/W 

RAW 


Reserved bit Port 6 data 6 to 0 

These bits store data for port 6 pins 


When a bit in P 6 DDR is set to 1, if port 6 is read the value of the corresponding P 6 DR bit is 
returned directly. When a bit in P 6 DDR is cleared to 0, if port 6 is read the corresponding pin level 
is read, except for bit 7 which reads 1. Bit 7 is reserved, cannot be modified, and always reads 1. 

P 6 DR is initialized to H’80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.73 Pin Functions in Each Mode 


Modes 1 to 5 (Expanded Modes): P 65 to P 63 function as bus control output pins. P 62 to P 60 are 
eithCT bus control input/output pins or generic inpul/output pins, functioning as output pins when 
bits P 62 DDR to P 60 DDR are set to 1 and input pins when these bits are cleared to 0. Figure 9-21 
and table 9-11 indicate the pin functions in modes 1 to 5. 


-► LWR (output) 

-► HWR (output) 

-► RD (output) 

Porte -► ^ (output) 


P 6 2 (input/output)/BACK (output) 
P 6 ^ (input/output)/ BREQ (input) 
P 60 (input/output)/ WAIT (input) 


Figure 9-21 Pin Functions in Modes 1 to 5 (Port 6 ) 
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Table 9-11 Port 6 Pin Functions in Modes 1 to 5 


Pin Pin Functions and Selection Method 

PBs/LWR Functions as follows regardless of PegDDR 


PSeDDR 

0 

1 

Pin function 

LWR output 


P65/HWR Functions as follows regardless of P65DDR 


P 65 DDR 

0 

1 

Pin function 

HWR output 


P64/RD Functions as follows regardless of P64DDR 


P64DDR 

0 

1 

Pin function 

RD output 


P63/AS Functions as follows regardless of P63DDR 


P63DDR 

0 

1 

Pin function 

AS output 


P 62 /BACK Bit BRLE in BRCR and bit P 62 DDR select the pin function as follows 


BRLE 

0 

1 

P 62 DDR 

0 

1 

— 

Pin function 

P 62 input 

P 62 output 

BACK output 


P 61 /BREQ Bit BRLE in BRCR and bit P 61 DDR select the pin function as follows 


BRLE 

0 

1 

P 61 DDR 

0 

1 

— 

Pin function 

P 6 -I input 

P 61 output 

BREQ input 


P 60 AWAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P 60 DDR select the 

pin function as follows 


WCER 

All Is 

Not all Is 

WMS 1 

0 

1 

— 

P 60 DDR 

0 

1 

0 * 

0 * 

Pin function 

P 60 input 

P 60 output 

WAIT input 


Note: * Do not set bit P 60 DDR to 1. 
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Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 6. A pin becomes an output pin if the corresponding P6DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figiue 9-22 shows the pin functions in modes 6 and 7. 




-► P65 (input/output) 



^P65 (input/output) 



► P64 (input/output) 


Port 6 

-► P63 (input/output) 



^► P62 (input/output) 



••-► P61 (input/output) 



► P60 (input/output) 


Figure 9-22 Pin Functions in Modes 6 and 7 (Port 6) 
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9.8 Port? 


9.8.1 Overview 

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog output 
from the D/A converter. The pin functions are the same in all operating modes. Figure 9-23 shows 
the pin configuration of port 7. 

Port 7 pins 

P77 (InputyANy (input)/DA^ (output) 

P76 (input)/AN 5 (input)/DAo (output) 

P75 (input)/AN 5 (input) 

P74 (input)/AN 4 (input) 

P73 (input)/AN 3 (input) 

P72 (input)/AN 2 (input) 

P7^ (input)/AN-| (input) 

P7o (input)/ANo (input) 

Figure 9-23 Port 7 Pin Configuration 
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9.8.2 Register Description 

Table 9-12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction 
register. 

Table 9-12 Port 7 Data Register 

Address* Name Abbreviation R/W initial Value 

H’FFCE Port 7 data register P7DR R Undetermined 

Note: * Lower 16 bits of the address. 


Port 7 Data Register (P7DR) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P77 

P76 

P75 

P74 

P73 

P72 

P7i 

P7o 

initial value 

_♦ 

_★ 

_♦ 

_♦ 

_* 

_♦ 

_* 

_♦ 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 


Note: ♦ Determined by pins P7j to P7o. 


When port 7 is read, the pin levels are always read. 
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9.9 Ports 

9.9.1 Overview 

Port 8 is a 5-bit input/output port that is also used fw C §3 to CSq output, RFSH ouq)ut, and IRQ 3 to 
IRQo input. Figure 9-24 shows the pin configuration of port 8 . 

In modes 1 to 5 (expanded modes), the additional functions of port 8 are CS 3 to CSq output, RFSH 
output, and IRQ 3 to IRQq input In modes 6 and 7 (single-chip modes), the additional functions of 
port 8 are IRQ 3 to IRQq input 

Pins in port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. Pins P 82 to P 80 have Schmitt-trigger inputs. 



Port 8 pins 

P 84 /C§^ 

PSa/CSV/lRQj 

PSg/CSj/iRQj 

P8i/CS^/iRQ7 

P8o/RFSH/Tr5^ 


Pin functions in modes 1 to 5 
(expanded modes) 

P84 (input)/CS q (output) 

P83 (input)/CS-i (output)/1RQ3 (input) 

P82 (input)/CS2 (output)/IRQ2 (input) 

P8, (input)/CS3 (output)/IRQ, (input) 

P80 (input/output)/ RFSH (output)/iRQo (input) 


Pin functions in modes 6 and 7 
(singie-chip modes) 


P84/(input/output) 
P83/(input/output)/IRQ3 (input) 
P82/(input/output)/lRQ2 (input) 
P8, /(input/output)/ iRQ, (input) 
P8(j/(input/output)/ iRQo (input) 


Figure 9-24 Port 8 Pin Configuration 
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9.92 Register Descriptions 

Table 9-13 summarizes the registers of port 8 . 


Table 9-13 

Port 8 Registers 




initial Value 

Address* 

Name 

Abbreviation 

R/W 

Mode 1 to 4 Mode 5 to 7 

H’FFCD 

Port 8 data direction 
register 

P 8 DDR 

W 

H'FO 

H’EO 

H’FFCF 

Port 8 data register 

P 8 DR 

RAV 

H’EO 

H’EO 


Note: * Lower 16 bits of the address. 


Port 8 Data Direction Register {P 8 DDR): P 8 DDR is an 8 -bit write-only register that can select 
input or output for each pin in port 8 . 


Bit 



7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

P 84 DDR 

P 83 DDR 

P 82 DDR 

P 81 DDR 

P 80 DDR 

Modes 

[ Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

1 to5 ^ 

[Read/Write 

— 

— 

— 

W 

w 

w 

w 

w 

Modes 

\ Initial value 

1 

1 

1 

0 

0 

0 

0 

0 

6,7 

[ ReadAVrite 

— 

— 

— 

w 

w 

w 

w 

w 


Reserved bits Port 8 data direction 4 to 0 

These bits select input or 
output for port 8 pins 


Modes 1 to 5 (Expanded Modes): When bits in P 8 DDR bit are set to 1, P 84 to P 81 become C$o to 
CS 3 output pins and P 80 becomes a generic output pin. When bits in P 8 DDR are cleared to 0, the 
corresponding pins become input pins. 

Modes 6 and 7 (Single-Chip Modes): Port 8 is a generic input/output port. A pin in port 8 
becomes an output pin if the corresponding P 8 DDR bit is set to 1, and an input pin if this bit is 
cleared to 0 . 

P 8 DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P 8 DDR is initialized to HTO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P 8 DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 
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Port 8 Data Register {P 8 DR): P 8 DR is an 8 -bit readable/writable register that stores data for pins 
P 84 to P 8 q. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

P 84 

P 83 

P 82 

P 81 

0 

00 

CL 

InKial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

—- 

— 

— 

R/W 

R/W 

R/W 

BAN 

R/W 


Reserved bits Port 8 data 4 to 0 

These bits store data 
for port 8 pins 


When a bit in P 8 DDR is set to 1, if port 8 is read the value of the corresponding P 8 DR bit is 
returned directly. When a bit in P 8 DDR is cleared to 0, if port 8 is read the corresponding pin level 
is read. 

Bits 7 to 5 are reserved. They cannot be modified and always read 1 . 

P 8 DR is initialized to fPEO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

9.93 Pin Functions in Each Mode 

The pin functions of port 8 differ between modes 1 to 5 (expanded modes) and modes 6 and 7 
(single-chip modes). The pin functions are described below. 

Modes 1 to 5 (Expanded Modes): P 84 is also used for CSq output. P 83 to P 81 are also used for 
CS 3 to CS j ou 5 )ut and IRO 3 to IRQj input. PSq is also used for RFSH output and IRQq input. 
Figure 9-25 and table 9-14 indicate the pin functions in modes 1 to 5. 







^ -► P84 (input)/CS q (output) 



-► P83 (input)/CSi (output)/IRQ3 (input) 


Port 8 

^ -► P82 (input)/CS^ (output)/IRQ2 (input) 



^ -► P81 (input)/CS3 (output)/iRQ-i (input) 



"•-► P80 (input/output)/ RFSH (output)/IRQ q (input) 


Figure 9-25 Pin Functions in Modes 1 to 5 (Port 8 ) 
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Table 9-14 Port 8 Pin Functions in Modes 1 to 5 


Pin Pin Functions and Seiection Method 

P84/CS^ Bit P84DDR selects the pin function as follows 


P84DDR 

0 

1 

Pin function 

P84 input 

CSq output 


P83/C5^/IRQ3 Bit P83DDR selects the pin function as follows 


P83DDR 

0 

1 

Pin function 

P83 input 

CS^ output 

iRQ3 input 


P82/CS2/IRQ2 Bit P82DDR selects the pin function as follows 


P82DDR 

0 

1 

Pin function 

P82 input 

CS^ output 

IRQ2 input 


P 81 /CS 3 /IRQ .1 Bit PS^DDR selects the pin function as follows 


P81DDR 

0 

1 

Pin function 

P81 input 

CS^ output 

IRQ-i input 


P 80 /RFSH/IRQ 0 Bit RFSHE in RFSHCR and bit PSqDDR select the pin function as follows 


RFSHE 

0 

1 

P80DDR 

0 

1 

— 

Pin function 

P80 input 

P80 output 

RFSH output 

IRQq input 
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Modes 6 and 7 (Single-Chip Modes): Input or output can be speciHed independently for each pin 
in port 8 . P 83 to P 80 are also used for IRO 3 to IRQq input. Figure 9-26 and table 9-15 indicate the 
pin functions in modes 6 and 7. 




-► P84 (input/output) 



-► P83/IRQ3 (input/output) 


Port 8 

-► P82/IRQ2 (input/output) 



-► P81/IRQ1 (inpul/output) 



--^ P80/IRQ0 (input/output) 


Figure 9-26 Pin Functions in Modes 6 and 7 (Port 8 ) 
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Table 9-15 Port 8 Pin Functions in Modes 6 and 7 


Pin Pin Functions and Selection Method 

P84 Bit P84DDR selects the pin function as follows 


P84DDR 

0 

1 

Pin function 

P84 input 

P8^ output 


P83/IRO3 Bit P83DDR selects the pin function as follows 


P83DDR 

0 

1 

Pin function 

P83 input 

P8^ output 

iRQ3 input 


P82/IRQ2 Bit P82DDR selects the pin function as follows 


P82DDR 

0 

1 

Pin function 

P82 input 

P82 output 

IRQ2 input 


P81/IRQ1 Bit P81DDR selects the pin function as follows 


P81DDR 

0 

1 

Pin function 

P81 input 

output 

IRQ^ input 


P80/IRQ0 Bit P80DDR select the pin function as follows 


PSqDDR 

0 

1 

Pin function 

P80 input 

P80 output 

IRQq input 
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9.10 Port 9 

9.10.1 Overview 


Port 9 is a 6 -bit inpul/output port that is also used fw input and output (TxDq, TxDj, RxDq, RxDj, 
SCKo, SCKj) by serial communication interface channels 0 and 1 (SQO and SCIl), and for IRQ 5 
and IRQ 4 input Port 9 has the same set of pin functions in all operating modes. Figure 9-27 shows 
the pin configuration of port 9 . 


Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. 








Port 9 









Port 9 pins 

PQs (input/output)/SCK, (input/outputyiRQs (input) 
P 94 (input/output)/SCKo (input/output)/lRQ 4 (input) 
P 93 (input/output)/RxDi (input) 

P 92 (input/output)/RxDo (input) 

P9i (input/output)/TxDi (output) 

P9o (input/output)/TxDo (output) 


Figure 9-27 Port 9 Pin Configuration 


9.10.2 Register Descriptions 

Table 9-16 summarizes the registers of port 9. 

Table 9-16 Port 9 Registers 


Address* 

Name 

Abbreviation 

WVi 

Initial Value 

H'FFDO 

Port 9 data direction register 

P9DDR 

w 

H’CO 

H'FFD2 

Port 9 data register 

P9DR 

R/W 

H’CO 


Note: * Lower 16 bits of the address. 
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Port 9 Data Direction Register (P9DDR): P9DDR is an 8-bit write-only register that can select 
input or output for each pin in port 9. 

Bit 7 6 5 4 3 2 1 0 


— 

— 

PQsDDR 

P94DDR 

P93DDR 

P 92 DDR 

P 9 iDDR 

PQoDDR 


Inhiai value 1 1 0 0 0 0 0 0 

Read/Write — — WWWWWW 


Port 9 data direction 5 to 0 
These bits select input or 
output for port 9 pins 


Reserved bits 


A pin in port 9 becomes an output pin if the corresponding P9DDR bit is set to 1, and an input pin 
if this bit is cleared to 0. 

P9DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P9DDR is initialized to H’CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P9DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 9 Data Register (P9DR): P9DR is an 8-bit readable/writable register that stores data for pins 
P95 to P9o. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 



— 

P95 

P94 

P93 

P92 

P9i 

P9o 

Initial value 

1 

1 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

R/W 

R/W 

R/W 

R/W 

R/W 

RWV 


Reserved bits 


Port 9 data 5 to 0 
These bits store data 
for port 9 pins 


When a bit in P9DDR is set to 1, if port 9 is read the value of the corresponding P9DR bit is 
returned directly. When a bit in P9DDR is cleared to 0, if port 9 is read the corresponding pin level 
is read 

Bits 7 and 6 are reserved. They cannot be modified and always read 1. 

P9DR is initialized to H’CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.10 J Pin Functions 


The port 9 pins are also used for SCIO and SCIl input and ouq)ut (TxDq, TxDj, RxDq, RxDj, 
SCKq* SCKj), and for IRQ5 andlRQ^ input Table 9-17 describes the selection of pin functions. 

Table 9-17 Port 9 Pin Functions 

Pin Pin Functions and Selection Method 

PQs/SCKi/iR^ Bit C/A in SMR of SCil. bits CKEO and CKE 1 in SCR of SCI1, and bit POgODR 
select the pin function as follows 


CKE1 

0 

1 

C/A 

0 

1 

— 

CKEO 

0 

1 

— 

— 

P95DDR 

■i 

1 

— 

— 

— 

Pin function 

P95 

input 

P95 

output 

SCKi output 

SCK^ output 

SCK^ input 

IRQ5 input 


P 94 /SCK 0 /IRQ 4 Bit C/A in SMR of SCIO, bits CKEO and CKE 1 in SCR of SCIO, and bit P 94 DDR 
select the pin function as follows 


CKE1 

0 

1 

C/A 

0 

1 

— 

CKEO 

0 

1 

— 

— 

P 94 DDR 

0 

1 

— 

— 

— 

Pin function 

P94 

input 

P94 

output 



SCKq input 

iRQ 4 input 
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Table 9-17 Port 9 Pin Functions (cont) 


Pin Pin Functions and Seiection Method 

PQa/RxD^ Bit RE in SCR of SCil and bit P 93 DDR select the pin function as follows 


RE 

0 

1 

P 93 DDR 

0 

1 

—• 

Pin function 

P 93 input 

P 93 output 

RxDi input 


P 92 /RxDo Bit RE in SCR of SCIO and bit P 92 DDR select the pin function as follows 


RE 

0 

1 

P92DDR 

0 

1 

— 

Pin function 

P 92 input 

P 92 output 

RxDq input 


P9i/TxDi Bit TE in SCR of SCI 1 and bit P9iDDR select the pin function as foltows 


TE 

0 

1 

P9iDDR 

0 

1 

— 

Pin function 

P9i input 

P9i output 

TxD-i output 


P 9 o/TxDo Bit TE in SCR of SCIO and bit P 9 oDDR select the pin function as follows 


TE 

0 

1 

P9oDDR 

0 

1 

— 

Pin function 

P9o input 

P9o output 

TxDq output 
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9.11 Port A 

9.11.1 Overview 

Port A is an 8-bit input/output port that is also used for output (TP7 to TPq) fix)m the programmable 
timing pattern controller (TPQ, input and output CnOCB2, TIOCA2, TIOCBi, TlOCAi, TIOCBo, 
TIOCAo, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), output 
(TEND}, TENDq) from the DMA controller (DMAQ, and address output (A23 to A 2 o)- Figure 9-28 
shows the pin configuration of port A. 

Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistOT pair. Port A has Schmitt-trigger inputs. 
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Port A pins 

.. ► PA'7/TP'7/TIOCB2/A2o 

^ . .► PA0/TP0/TIOCA2/A2-J 

^ PAf^/TPq/TIOCBj /Ap^ 

^ PA4/TP4/TI0CA-^/A23 

-► PAsA-Pa/TIOCBo/TCLKO^ 

-► PA2/TP2/TIOCA0/TCLKC 

-► PA1/TP1/TEND1/TCLKB 

--► PA(/TPo/TENDo/rCLKA 

Pin functions in modes 1, 2,5,6, and 7 

PA7 (input/output)/TP7 (output)/TIOCB2 (input/output) 

PA 6 (input/output)/TP6 {output)/TIOCA2 (input/output) 

PA5 (input/output)/TP5 (output)/TIOCB 1 (input/output) 

PA4 {lnput/output)/TP4 (output)/TIOCA 1 (input/output) 

PA3 (input/output)/TP3 (output)/TIOCBo (input/output)yTCLKD (input) 
PA2 (input/output)/TP2 (output)/TIOCAo (input/output)/TCLKC (input) 
PA^ (input/output)/TPi (output)/TENDi (output)/TCLKB (input) 

PAq (input/output)/TPo (output)/TENDo (output)/TCLKA (Input) 

Pin functions in modes 3 and 4 
A 20 

PAe (lnput/output)/TP6 (output)/TIOCA2 (input/output)/A2i (output) 
PA5 (input/output)/TP5 (output)/TiOCBi (input/output)/A22 (output) 
PA4 (input/output)/TP4 (output)/TIOCA 1 (input/output)/A23 (output) 
PA3 (lnput/output)/TP3 (output)/TiOCBo (input/output)/TCLKD (Input) 
PA2 (input/output)/TP2 (output)/TIOCAo (input/output)/TCLKC (input) 
PAi (input/output)/TPi (output)/TENDi (output)/TCLKB (input) 

PAq (input/output)/TPo (output)/TENDo (output)/TCLKA (input) 


Figure 9-28 Port A Pin Configuration 
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9.112 Register Descriptions 

Table 9-18 summarizes the registers of port A. 

Table 9-18 Port A Registers 


Address* Name 


Abbre¬ 

viation 


Initial Value 


RDM Modes 1, 2, 5 to 7 Modes 3,4 


H’FFDI 

Port A data direction register 

PADDR 

W 

H’OO 

H ’80 

H’FFD 3 

Port A data register 

PADR 

R/W 

H'OO 

H'OO 


Note: * Lower 16 bits of the address. 


Port A Data Direction Register (PADDR): PADDR is an 8 -bit write-only register that can select 
input or output for each pin in port A. 


Bit 


7 

6 

5 

4 

3 

2 

1 

0 



PA7DDR 

PAsDDR 

PAgDDR 

PA4DDR 

PAaDDR 

PA2DDR 

PAiDDR 

PAqDDR 

Modes 

[ Initial value 1 

0 

0 

0 

0 

0 

0 

0 

3 to 4 

[ Read/Write — 

w 

W 

w 

w 

w 

w 

w 

Modes 

r Initial value 0 

0 

0 

0 

0 

0 

0 

0 

1.2. 

5 to 7 

I 

[Read/Write W 

w 

W 

w 

w 

w 

w 

w 


Port A data direction 7 to 0 

These bits select Input or output for port A pins 


A pin in port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input pin 
if this bit is cleared to 0. In modes 3 and 4, PA 7 DDR is fixed at 1 and PA 7 functions as an address 
output pin. 

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

PADDR is initialized to H'OO by a reset and in hardware standby mode in modes 1,2, 5, 6 , and 7. 

It is initialized to H’80 by a reset and in hardware standby mode in modes 3 and 4. In software 
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin 
maintains its output state in software standby mode. 
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Port A Data Register (PADR): PADR is an 8 -bit readable/writable register that stores data for 
pins PA 7 to PAq. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PA7 

PAs 

PAs 

PA4 

PA3 

PAz 

PAi 

PAo 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

RAW 

RAW 

RAW 

R/W 

RAW 

R/W 


Port A data 7 to 0 

These bits store data for port A pins 


When a bit in PADDR is set to 1, if port A is read the value of the corresponding PADR bit is 
returned directly. When a bit in PADDR is cleared to 0, if port A is read the corresponding pin level 
is read. 

PADR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.1U Pin Functions in Each Mode 


The port A pins are also used for TPC output (TP7 to TPo), ITU input/output (TICX;B2 to TIOCBo, 
TIOCA2 to TIOCAo) and input (TCLKD, TCLKC, TCLKB, TCLKA), DMAC output (TENt)i, 
i bNUo), and address output (A 23 to A 20 ). Table 9-19 describes the selecticm of pin functions. 

Table 9-19 Port A Pin Functions 

Pin Pin Functions and Selection Method 

PA7/TP7/ ITU channel 2 settings (bit PWM 2 in TMDR and bits IOB 2 to lOBO in TIOR2), bit 
TIOCB^A2 o NDER 7 in NDERA, and bit PA7DDR in PADDR select the pin function as follows 


Mode 

1 . 2 . 5 , 6, 7 

3.4 

ITU channel 2 
settings 

© in table below 

© in table below 



— 

0 

1 

1 

— 

NDER 7 

— 

— 

0 

1 

— 

Pin function 

TIOCB2 output 

PA 7 

input 

PA 7 

output 

TP 7 

output 

A 20 

output 

TIOCB2 input* 


Note: ♦ TIOCB2 input when IOB2 = 1 and PWM2 = 0. 


ITU channel 2 
settings 

@ 

© 


IOB2 

0 

1 

IOB 1 

0 

0 

n 

— 

lOBO 

0 

1 

S 

— 
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Table 9-19 Port A Pin Functions (cont) 


Pin 


PAe^-Pe/ 

TiOCAa/ 

A21 


PAsfTPs/ 

TIOCB 1 / 

A22 


Pin Functions and Selection Method 


ITU channel 2 settings (bit PWM 2 in TMDR and bits IOA 2 to lOAO in TIOR 2 ). bit NDER 6 
in NDERA, and bit PAgDDR in PADDR select the pin function as follows 


Mode 

1.2.5.6.7 

3.4 

A21E 

— 

1 

0 

ITU 

channel 2 
settings 

® in 
table 
below 

(D in table below 

® in 
table 
below 

(D in table below 


PAfiDDR 

— 

0 

1 

1 

— 

0 

1 

1 

— 

NDER6 

— 

— 

0 

1 

— 

— 

0 

1 

— 

Pin function 

TIOCA 2 

output 

PAe 

input 

PAe 

output 

TPe 

output 

TIOCA 2 

output 

PAe 

input 

PAe 

output 

TPe 

output 

A21 

output 

TIOCA 2 input* 

TIOCA 2 input* 


Note: * TIOCA 2 input when IOA2 = 1. 


ITU channel 2 
settings 

(D 

® 


® 

PWM 2 

0 

1 

IOA 2 

0 

1 

— 

IOA 1 

0 

0 

1 

— 

— 

lOAO 

0 

1 

— 

— 

— 


ITU channel 1 settings (bit PWM1 in TMDR and bits IOB2 to lOBO in TIOR 1 ), bit NDER 5 
in NDERA, and bit PA5DDR in PADDR select the pin function as follows 


Mode 

1,2.5.6.7 

3.4 

A 22 E 

— 

1 

0 

ITU 

channel 1 
settings 

©in 

table 

below 

® in table below 

® in 
table 
below 

® in table below 


PA5DDR 

— 

0 

1 

1 

— 

0 

1 

1 

— 

NDER 5 

— 

— 

0 

1 

— 

— 

0 

1 

— 

Pin function 

TIOCB1 

output 

PAs 

input 

PA5 

output 

TPs 

output 

T10CB1 

output 

PA5 

input 

PAs 

output 

TPs 

output 

A22 

output 

TIOCB1 input* 

TIOCB1 input* 


Note: * TIOCB1 input when IOB 2 = 1 and PWM1 = 0. 


ITU channel 1 
settings 


® 


IOB2 

0 

1 

IOB1 

0 

0 

1 

— 

lOBO 

0 

1 

— 

— 





































Table 9-19 Port A Pin Functions (cont) 

Pin Pin Functions and Salection Method 

PA4/TP4/ The mode setting, bit A23E in BRCR, iTU channei 1 settings (bit PWM1 in TMDR and 
TiOCAi/ bits IOA2 to lOAO in TIOR1), bit NDER4 in NDERA, and bit PA4DDR in PADDR select 
A23 the pin function as follows 


Mode 

1.2.5.6.7 

3.4 

A23E 

— 

1 

0 

ITU 

channel 1 
settings 

® in 
table 
below 

(2) in table below 

@ in 
table 
below 

(D in table below 


PA4DDR 

— 

0 

1 

1 

— 

0 

1 

1 

— 

NDER4 

— 

— 

0 

1 

— 

— 

0 

1 

^ — 

Pin function 

TIOCA, 

output 

PA4 

input 

PA4 

output 

TP4 

output 

TIOCA1 

output 

PA4 

input 

PA4 

output 

TP4 

output 

A23 

output 

I 

TIOCA, input* 

TIOCA1 input* 


Note: ♦ TIOCA1 Input when IOA2 = 1. 


ITU channel 1 
settings 


© 

@ 

© 

PWM1 

0 

1 

IOA2 

0 

1 

— 

IOA1 

0 

0 1 

— 

— 

lOAO 

0 

1 — 

— 

— 


PA3/TP3/ ITU channel 0 settings (bit PWMO in TMDR and bits IOB2 to lOBO in TIORO), bits TPSC2 
TIOCB^ to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA3DDR in PADDR select 
TCLKD the pin function as follows 


ITU 

channel 0 
settings 

® in table below 

@ in table below 

PA3DDR 

— 

0 

1 

1 

NDER3 

— 

— 

0 

1 

Pin function 

TIOCBq output 



TP3 output 

TIOCBo input*’ 

TCLKD input ‘2 


Notes: 1. TIOCBq input when IOB2 = 1 and PWMO = 0. 

2. TCLKD input when TPSC2 = TPSC1 « TPSCO = 1 in any of TCR4 to TCRO. 


ITU channel 0 
settings 


© 

® 

IOB2 

0 

1 

IOB1 

0 

0 

1 

— 

lOBO 

0 

1 

— 

— 
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Table 9-19 Port A Pin Functions (cont) 


Pin Pin Functions and Selection Method 

PAg/TPa/ ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to lOAO in TIORO), bits TPSC2 
TIOCAq/ to TPSCO in TCR 4 to TCRO, bit NDER2 in NDERA, and bit PAgDDR in PADDR select 
TCLKC the pin function as follows 


ITU 

channel 0 
settings 

0 in table below 

® in table below 

PA2DDR 

— 

0 

1 

1 

NDER 2 

— 

— 

0 

1 

Pin function 

TIOCAo output 

PA2 input 

PA2 output 

TP2 output 

TIOCAq Input*^ 

TCLKC input *2 


Notes; 1 . TIOCAq input when IOA2 = 1. 

2 . TCLKC input when TPSC 2 = TPSC1 = 1 and TPSCO = 0 in any of TCR 4 to 
TCRO. 


ITU channel 0 
settings 

(D 

© 


© 

PWMO 

0 

1 

IOA 2 

0 

1 

— 

IOA1 

0 

0 

1 

— 

— 

KDAO 

0 

1 

— 

— 

— 
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Table 9-20 Port A Pin Functions (cont) 


Pin Pin Functions and Selection Method 


PA1/TP1/ DMAC channel 1 settings (bits DTS2/1A)A and DTS2/1/0B in DTCR1A and DTCR1B), bit 
TCLKB / NDER 1 in NDERA, and bit PAiDDR in PADDR select the pin function as follows 

terd; 

I r—' Z T T —- rr -1 ... . . . . I--- 


DMAC 
channel 1 
settings 

0 in table below 

® in table below 

PA, DDR 

— 

0 

1 

1 

NDER1 

— 

— 

0 

1 

Pin function 

TEND^ output 

PAi input 

PA-i output 

TP-i output 

TCLKB input* 


Note: ♦ TCLKB input when MDF = 1 in TMDR, or when TPSC 2 * 1 , TPSC1 = 0 , and 
TPSCO « 1 in any of TCR 4 to TCRO. 


DMAC 
channel 1 
settings 






® 

DTS 2 .DTS 1 A 

Not both 1 

Both 1 

DTSOA 

— 

0 

0 

1 

1 

1 

DTS 2 B 

0 

1 

1 

0 

1 

0 

1 

1 

DTS1B 

— 

0 

1 

— 

— 

— 

0 

1 


PAo/TPq/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB), bit 
TCLKA / NDERO in NDERA, and bit PAqDDR in PADDR select the pin function as follows 
TENDq _ __ 



© in table below 

® in table below 

PAoDDR 

— 

0 

1 

1 

NDERO 

— 

— 

0 

1 

Pin function 

TENDq output 

PAq input 

PAq output 

TPq output 

TCLKA input* 


Note: ♦ TCLKA input when MDF = 1 in TMDR, or when TPSC 2 = 1 and TPSC1 = 0 in any 
of TCR 4 to TCRO. 


DMAC 
channel 0 
settings 

® 

® 

® 

® 

® 

® 

DTS2. DTS1A 

Not both 1 

Both 1 

DTSOA 

— 

0 

0 

1 

1 

1 

DTS 2 B 

0 

1 

1 

0 

1 

0 

1 

1 

DTS1B 

— 

0 

1 

— 

— 

—• 

0 

1 
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9.12 PortB 


9.12.1 Overview 

PcKt B is an 8 -bit input/output port that is also used for TPC output (TP 15 to TPg), ITU input/output 
(nC)CB 4 , TIOCB 3 . TIOCA 4 , TIOCA 3 ) and ITU output (TOCXB 4 , TOCXA 4 ), DMAC input 
(DREQi, DREQo), and ADTRG input to the A/D converter. Port B has the same set of pin 
functions in all operating modes. Figure 9-29 shows the pin configuration of port B. 

Pins in port B can drive one TTL load and a 30-pF c^citive load. They can also drive a darlington 
transistor pair. Pins PB 3 to PBq have Schmitt-trigger inputs. 


Port B pins 



PB7 (input/output)/TPi5 (output)/DREQ, (input)/ADTRG (input) 
PBe (input/output)/rPi4 (output)/DREQo (input) 

PBs (input/output)/TPi3 (output)/TOCXB4 (output) 

PB4 (input/output)/TPi2 (output)/TOCXA4 (output) 

PB3 (input/output)/TPii (output)/TIOCB4 (input/output) 

PB2 (input/output)/TPio (output)/TIOCA4 (input/output) 

PBi (input/output)/TP9 (output)/TIOCB3 (input/output) 

PBq (input/output)/TP8 (output)/TlOCA3 (input/output) 


Figure 9-29 Port B Pin Configuration 


9.12.2 Register Descriptions 

Table 9-20 summarizes the registers of port B. 

Table 9-20 Port B Registers 


Address* 

Name 

Abbreviation 

RAV 

Initiai Vaiue 

H'FFD4 

Port B data direction register 

PBDDR 

W 

H’OO 

H'FFDS 

Port B data register 

PBDR 

R/W 

H'OO 


Note: * Lower 16 bits of the address. 
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Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select 
input or output for each pin in port B. 


7 

6 

5 

4 

3 

2 

1 

0 

PByDDR 

PBeDDR 

PBgDDR 

PB4DDR 

PB3DDR 

PBzDDR 

PB1DDR 

PBqDDR 


initial value 00000000 

Read/Write WWWWWWWW 


Port B data direction 7 to 0 

These bits select input or output for port B pins 


A pin in port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input pin 
if this bit is cleared to 0. 

PBDDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

PBDDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PBDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores data for pins 
PB7toPB0. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PB7 

PBs 

PBs 

PB4 

PB3 

PB2 

PBi 

0 

CQ 

CL 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

R/W 

RM 

R/W 

R/W 

R/W 


Port B data 7 to 0 

These bits store data for port B pins 


When a bit in PBDDR is set to 1, if port B is read the value of the corresponding PBDR bit is 
returned directly. When a bit in PBDDR is cleared to 0, if port B is read the corresponding pin level 
is read. 

PBDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.12«3 Pin Functions 


The port B pins are also used for TPC output (JP\s to TPg), ITU input/outpul (TIOCB 4 , TIC)CB 3 , 
TIOCA 4 , TIOCA 3 ) and output (TOCXB 4 , TOCXA 4 ). DMAC input (DREQJ, DREQq). and 
ADTRG input. Table 9-21 describes the selection of pin functions. 

Table 9-21 Port B Pin Functions 

Pin Pin Functions and Selection Method 

PB7/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B), 
TPjg / bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB7DDR in PBDDR select the 
DRhQi/ pin function as foibws 

ADTRG _ 


PB7DDR 

0 

1 

1 

NDER15 

— 

0 

1 

Pin function 

PB7 Input 

PB7 output 

TPi 5 output 

DREQ^ input*i 

ADTRG inpuf2 


Notes: 1. DREQi input under DMAC channel 1 settings © in the table below. 
2. ADTRG input when TRGE = 1. 


DMAC 

channel 

1 settings 


© 


© 


© 

DTS2. DTS1A 

Not both 1 

Both1 

DTSOA 

— 

0 

0 

1 

1 

1 

DTS2B 

0 

1 

1 

0 

1 

0 

1 

1 

DTS1B 

— 

0 

1 

— 

•— 

— 

0 

1 
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Table 9*21 Port B Pin Functions (cont) 


Pin Pin Functions and Seiection Method 

PBe/ DMAC channel 0 settings (bits DTS 2 / 1 / 0 A and DTS2/1/0B in DTCROA and DTCROB), bit 

TP^/ NDER 14 in NDERB, and bit PBgDDR in PBDDR select the pin function as foltows 


PBgDDR 

0 

1 

1 

NDER 14 

— 

0 

1 

Pin function 

PBg input 

PB0 output 

TPi 4 output 

DREQq input* 


Note: * DREQq input under DMAC channel 0 settings 0 in the table below. 


DMAC 
channel 0 
settings 


© 


© 

® 

© 

DTS 2 . DTS1A 

Not both 1 

Both 1 

DTSOA 

— 

0 

0 

1 

1 

1 

DTS2B 

0 

1 

1 

0 

1 

0 

1 

1 

DTS1B 

— 

0 

1 

— 

— 

— 

0 

1 


PBc/ 

TP13/ 


ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in 
NDERB, and bit PB5DDR in PBDDR select the pin function as follows 



EXB4. 

CMD1 

Not both 1 

Bothi 

PBgDDR 

0 

1 

1 

— 

NDER13 

— 

0 

1 

— 

Pin function 

PB5 input 

PB5 output 

TP-13 output 

TOCXB4 output 

PB4/ 

TP,2/ 

TOCXA4 

ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in 
NDERB, and bit PB4DDR in PBDDR select the pin function as follows 


EXA4. 

CMD1 

Not both 1 

Both 1 

PB4DDR 

0 

1 

1 

— 

NDER12 

— 

0 

1 

— 

Pin function 

PB4 input 

PB4 output 

JP^2 output 

TOCXA4 output 
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Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

PB3/ ITU channel 4 settings (bit PWM 4 in TMDR, bit CMD1 in TFCR, bit EB 4 in TOER, and 

TP11/ bits IOB 2 to lOBO in TIOR 4 ), bit NDER11 in NDERB, and bit PB3DDR in PBDDR select 

TIOCB4 the pin function as foiiows 


ITU 

channel 4 
settings 

0 in table below 

(D In table below 

PB3DDR 

— 

0 

1 

1 

NDER 11 

— 

— 

0 

1 

Pin function 

TIOCB4 output 

PB3 input 

PB3 output 

TP1-1 output 

TIOCB4 Input* 


Note: • TIOCB4 input when CMD 1 = PWM 4 = 0 and IOB 2 = 1. 


ITU 

channel 4 
settings 

(D 



@ 


EB 4 

0 

1 

CMD1 


0 

1 

IOB2 

— 

0 

0 

0 

1 

— 

IOB1 

— 

0 

0 

1 

— 

— 

lOBO 

— 

0 

1 

— 

— 

— 
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Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Seiaction Method 

PB^^ ITU channel 4 settings (bit CMD 1 in TFCR, bit EM in TOER, bit PWM 4 in TMDR, and 

TPio/ bits IOA2 to lOAO in TIOR 4 ). bit NDER10 in NDERB, and bit PBgDDR in PBDDR select 

TIOCA4 the pin function as follows 


ITU 

channel 4 
settings 

0 in table below 

® in table below 

PB2DDR 

— 

0 

1 

1 

NDER10 

— 

— 

0 

1 

Pin function 

TIOCA4 output 

PB2 input 

PB2 output 

TP^o output 

TIOCA4 input* 


Note; * TIOCA4 input when CMD1 = PWM 4 = 0 and IOA 2 = 1. 


DMAC 
channel 4 
settings 

@ 

@ 

© 


. © 

EA 4 

0 

1 

CMD1 

— 

0 

1 

PWM 4 


0 

1 

— 

IOA 2 

— 

0 

0 

0 

1 

— 

-- 

IOA 1 

— 

0 

0 

1 

— 

— 

— 

lOAO 

•— 

0 

1 

— 

— 

— 

— 
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Table 9*21 Port B Pin Functions (cont) 


Pin Pin Functions and Selection Method 


PBiA'Pa/ ITU channel 3 settings (bit PWM 3 in TMDR, bit CMD1 in TFCR, bit EB 3 in TOER, and 
TICXJBa bits IOB2 to lOBO in TIOR 3 ), bit NDER 9 in NDERB, and bit PB,DDR in PBDDR select 
the pin function as follows 


ITU 

channel 3 
settings 

© in table below 

(D in table below 

PBiDDR 

— 

0 

1 

1 

NDER 9 

— 

— 

0 

1 

Pin function 

TIOCB3 output 



TP9 output 

TIOCB3 input* 


Note: * TIOCB3 input when CMD1 = PWM 3 = 0 and IOB 2 = 1 . 


ITU 

channel 3 
settings 

(D 

(D 

© 


© 

EB 3 

0 

1 

CMD1 

— 

0 

1 

IOB 2 

— 

0 

0 

0 

1 

— 

IOB1 

— 

0 

0 

1 

— 

— 

lOBO 

— 

0 

1 

■— 

— 

— 


299 


































Table 9-21 Port B IMn Functions (cont) 


Pin Pin Functions and Seiection Method 


PBo/TPe/ rru channel 3 settings (bit CMD 1 in TFCR, bit EA 3 in TOER, bit PWM 3 in TMDR, and 
TiOCAg bits iOA2 to lOAO in TiOR 3 ). bit NDER8 in NDERB, and bit PBoDDR in PBDDR select 
the pin function as follows 


ITU 

channel 3 
settings 

0 in table below 

® in table below 

PBqDDR 

— 

0 

1 

1 

NOER8 

— 

— 

0 

1 

Pin function 

TIOCA3 output 

PBq input 

PBq output 

TPg output 

TIOCA3 input* 


Note: * TIOCA 3 input when CMD1 = PWM 3 = 0 and IOA 2 - 1 . 


ITU 

channel 3 
settings 

(D 


© 


© 

EA 3 

0 

1 

CMD 1 

— 

0 

1 

PWM 3 

— 

0 

1 

— 

IOA 2 

— 

0 

0 

0 

1 

— 

— 

IOA1 

— 

0 

0 

1 

— 

— 

— 

lOAO 

— 

0 

1 

— 

— 

— 

— 
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Section 10 16-Bit Integrated Timer Unit (ITU) 

10.1 Overview 

The H8/3042 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer 
channels. 

10.1.1 Features 

rrU features are listed below. 

• Capability to process up to 12 pulse ouq)uts or 10 pulse inputs 

• Ten general registers (GRs, two per channel) with independently-assignable output compare 
or input capture functions 

• Selection of eight counter clock sources for each channel; 

Internal clocks: 0,0/2,0/4,0/8 

External clocks: TCLKA, TCLKB, TCLKC, TCLKD 

• Five operating modes selectable in all channels: 

— Waveform ou^ut by compare match 

Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2) 

— Input ct^rtuie function 

Rising edge, falling edge, or both edges (selectable) 

— Counter clearing function 

Counters can be cleared by compare match or input capture 

— Synchronization 

Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 
simultaneously by compare match or input capture. Counter synchronization enables 
synchronous register input and output 
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— PWMmode 


PWM output can be provided with an arbitrary duty cycle. With synchronization, up to 
five-phase PWM output is possible 

Phase counting mode selectable in channel 2 

Two-phase encoder output can be counted automatically. 

Three additional modes selectable in channels 3 and 4 

— Reset-synchronized PWM mode 

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of 
complementary waveforms. 

— Complementary PWM mode 

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of 
non-overlapping complementary waveforms. 

— Buffering 

Input capture registers can be double-buffered. Output compare registers can be updated 
automatically. 

High-speed access via internal 16-bit bus 

The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed 
via a 16-bit bus. 

Fifteen interrupt sources 

Each channel has two compare match/input capture interrupts and an overflow interrupt. All 
interrupts can be requested independently. 

Activation of DMA controller (DMAC) 

Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC. 

Output triggering of programmable pattern controller (TPC) 

Compare match/input capture signals from channels 0 to 3 can be used as TPC output 
triggers. 



Table 10-1 summarizes the ITU functions. 


Table 10-1 ITU Functions 


Item 

Channel 0 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Clock sources 

internal docks: a, 0 / 2 . 0 / 4 , 0/8 

External docks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently 

General registers 
(output compare/input 
capture registers) 

GRAO, GRBO 

GRA 1 .GRB 1 

GRA2. GRB2 

GRA3, GRB3 

GRA4. GRB4 

Buffer registers 

— 

— 

— 

BRA3. BRB3 

BRA4, BRB4 

Input/output pins 

TIOCAO, 

TIOCA 1 , 

TIOCA2. 

TIOCA3. 

TIOCA4. 


TIOCBO 

TIOCB 1 

T10CB2 

TIOCB3 

TIOCB4 

Output pins 

— 

— 

— 

— 

TOCXA4. 

TOCXB4 

Counter clearing function 

GRAO/GRBO 

GRA 1 /GRB 1 

GRA2/GRB2 

GRA3/GRB3 

GRA4/GRB4 


compare 

compare 

compare 

compare 

compare 


match or 

match or 

match or 

match or 

match or 


input capture 

input capture 

input capture 

input capture 

input capture 

Compare 0 

0 

0 

0 

0 

0 

match output ^ 

0 

0 

0 

0 

0 

Toggle 

0 

0 

— 

0 

0 

input capture function 

0 

0 

0 

0 

0 

Synchronization 

0 

0 

0 

0 

0 

PWM mode 

0 

0 

0 

0 

0 

Reset-synchronized 

PWM mode 

— 

— 

— 

0 

0 

Complementary PWM 
mode 

— 

— 

— 

0 

0 

Phase counting mode 



0 

— 


Buffering 

— 

— 

— 

0 

0 

DMAC activation 

GRAO compare 
match or 
input capture 

GRA 1 compare 
match or 
input capture 

GRA 2 compare 
match or 
input capture 

GRA3 compare 
match or 
input capture 


Interrupt sources 

Three sources 

Three sources 

Three sources 

Three sources 

Three sources 


• Compare 

• Compare 

• Compare 

• Compare 

• Compare 


match/input 

match/input 

match/input 

match/input 

matdi/input 


capture AO 

capture A 1 

capture A2 

capture A3 

capture A4 


• Compare 

• Compare 

• Compare 

• Compare 

• Compare 


match/input 

match/input 

match/input 

match/input 

mat(^/input 


capture BO 

capture B 1 

capture B2 

capture B3 

capture B4 


• Overflow 

• Overflow 

• Overflow 

• Overflow 

• Overflow 


Legend 
O: Available 
—: Not available 
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10.1.2 Block Diagrams 

ITU Block Diagram (Overall): Figure 10-1 is a block diagram of the ITU. 
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Block Diagram of Channels 0 and 1: ITU channels 0 and 1 are functionally identical. Both have 
the structure shown in figure 10-2. 



Legend 


TCNT: Timer counter (16 bits) 

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2) 
TCR: Timer control register (8 bits) 

TIOR: Timer I/O control register (8 bits) 

TIER: Timer interrupt enable register (8 bits) 

TSR: Timer status register (8 bits) 


Figure 10-2 Block Diagram of Channels 0 and 1 (for Channel 0) 




Block Diagram of Channel 2: Figure 10-3 is a block diagram of channel 2. This is the channel 
that provides only 0 output and 1 output 


TCLKA to TCLKD 
0 , 0 / 2 , 0 / 4 , 0/8 


Clock selector 


Comparator 


Control logic 



TIOCA 2 

TIOCB 2 


A 2 
B 2 
- OVI 2 


Module data bus 


Legend 

TCNT 2 : Timer counter 2 (16 bits) 

GR/V 2 , GRB 2 : General registers A 2 and B 2 (input capture/output compare registers) 
(16 bits X 2) 

TCR 2 : Timer control register 2 (8 bits) 

TIOR 2 : Timer I/O control register 2 (8 bits) 

TIER 2 : Timer interrupt enable register 2 (8 bits) 

TSR 2 : Timer status register 2 (8 bits) 
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Block Diagrams of Channels 3 and 4: Figure 10-4 is a block diagram of channel 3. Figure 10-5 
is a block diagram of channel 4. 



TIOCA3 

TIOCB3 


IMIA3 

iMiB3 

OVI3 


Legend 

TCNT3: Timer counter 3(16 bits) 

GRA3, GRB3: General registers A3 and B3 (input capture/output compare registers) 

(16 bits X 2) 

BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers) 
(16 bits X 2) 

TCR3: Timer control register 3 (8 bits) 

TIOR3: Timer I/O control register 3 (8 bits) 

TIER3: Timer Interrupt enable register 3 (8 bits) 

TSR3: Timer status register 3 (8 bits) 


Figure 10-4 Block Diagram of Channel 3 
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TCLKAto 
TCLKD 
0 , 0 / 2 , 
0 / 4 , 0/8 



TOCXA 4 

TOCXB 4 

TIOCA 4 

TIOCB 4 

{MIA 4 

IM 1 B 4 

OVI 4 


Legend 


TCNT 4 : 
GRA 4 , GRB 4 : 

BRA 4 , BRB 4 : 

TCR 4 : 

TIOR 4 : 

TIER 4 : 

TSR 4 : 


Timer counter 4 (16 bits) 

General registers A 4 and B 4 (input capture/output compare registers) 

(16 bits X 2) 

Buffer registers A 4 and B 4 (input capture/output compare buffer registers) 
(16 bits X 2) 

Timer control register 4 (8 bits) 

Timer I/O control register 4 (8 bits) 

Timer interrupt enable register 4 (8 bits) 

Timer status register 4 (8 bits) 


Figure 10-5 Block Diagram of Channel 4 
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10.13 Input/Output Pins 
Table 10-2 summarizes the ITU pins. 
Table 10-2 ITU Pins 


Channel 

Name 

Abbre¬ 

viation 

Input/ 

Output 

Function 

Common 

Clock input A 

TCLKA 

input 

External clock A input pin 

(phase-A input pin in phase counting mode) 


Clock input B 

TCLKB 

Input 

External clock B input pin 

(phase>B input pin in phase counting mode) 


Clock input C 

TCLKC 

input 

External clock C input pin 


Clock input D 

TCLKD 

Input 

External clock D input pin 

0 

Input capture/output 
compare AO 

TIOCAO 

input/ 

output 

GRAO output compare or input capture pin 
PWM output pin in PWM mode 


Input capture/output 
compare BO 

TIOCBO 

input/ 

output 

GRBO output compare or input capture pin 

1 

Input capture/output 
compare A1 

TIOCA1 

input/ 

output 

GRA1 output compare or input capture pin 
PWM output pin in PWM mode 


input capture/output 
compare B1 

TIOCB1 

Input/ 

output 

GRB1 output compare or input capture pin 

2 

Input capture/output 
compare A2 

TIOCA2 

Input/ 

output 

GRA2 output compare or input capture pin 
PWM output pin in PWM mode 


Input capture/output 
compare B2 

TIOCB2 

input/ 

output 

GRB2 output compare or input capture pin 

3 

Input capture/output 
compare A3 

TIOCA3 

Input/ 

output 

GRA3 output compare or input capture pin 
PWM output pin in PWM mode, comple¬ 
mentary PWM mode, or reset-synchronized 
PWM mode 


Input capture/output 
compare B3 

TIOCB3 

Input/ 

output 

GRB3 output compare or input capture pin 
PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 

4 

Input capture/output 
compare A4 

TIOCA4 

input/ 

output 

GRA4 output compare or input capture pin 
PWM output pin in PWM mode, comple¬ 
mentary PWM mode, or reset-synchronized 
PWM mode 


Input capture/output 
compare B4 

TIOCB4 

Input/ 

output 

GRB4 output compare or input capture pin 
PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 


Output compare XA4 

TOCXA4 

Output 

PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 


Output compare XB4 

TOCXB4 

Output 

PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 
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10.1.4 Register Configuration 


Table 10-3 summarizes the ITU registers. 
Table 10-3 ITU Registers 


Channel 

Address*^ 

Name 

Abbre¬ 

viation 

RAV 

initial 

Value 

Common 

H’FF60 

Timer start register 

TSTR 

RAA/ 

H’EO 


H’FF61 

Timer synchro register 

TSNC 

RAN 

H’EO 


H'FF62 

Timer mode register 

TMDR 

RAW 

H'80 


H'FF63 

Timer function control register 

TFCR 

RAW 

H'CO 


H'FF90 

Timer output master enable register 

TOER 

RAW 

^9 


H'FF91 

Timer output control register 

TOCR 

R/W 


0 

H’FF64 

Timer control register 0 

TCRO 

RAN 

H'80 


H’FF65 

Timer I/O control register 0 

TIORO 

RAN 

H’88 


H'FF66 

Timer interrupt enable register 0 

TIERO 

RAN 

HT8 


H’FF67 

Timer status register 0 

TSRO 

R/{W)‘2 

H’F8 


H'FF68 

Timer counter 0 (high) 

TCNTOH 

RAN 

H'OO 


H'FF69 

Timer counter 0 (low) 

TCNTOL 

RAN 

H’OO 


H’FF6A 

General register AO (high) 

GRAOH 

RAN 

H’FF 


H’FFSB 

General register AO (low) 

GRAOL 

RAN 

H’FF 


H’FF6C 

General register BO (high) 

GRBOH 

RAW 

H'FF 


H’FF6D 

General register BO (low) 

GRBOL 

RAW 

H'FF 

1 

H’FFSE 

Timer control register 1 

TCR1 

RAN 

H'80 


H’FFSF 

Timer I/O control register 1 

TIOR1 

RAN 

H'88 


H’FF70 

Timer interrupt enable register 1 

TIER1 

RAW 

H’F8 


H'FF71 

Timer status register 1 

TSR1 

R/(W)*2 

H*F8 


H’FF72 

Timer counter 1 (high) 

TCNT1H 

RAW 

H'OO 


H’FF73 

Timer counter 1 (low) 

TCNT1L 

RAN 

H'OO 


H’FF74 

General register A1 (high) 

GRAIN 

RAW 

H'FF 


H'FF75 

General register A1 (low) 

GRAIL 

RAN 

H'FF 


H'FF76 

General register B1 (high) 

GRB1H 

RAW 

H’FF 


H’FF77 

General register B1 (low) 

GRB1L 

RAW 

H'FF 


Notes: 1. The lower 16 bits of the address are indicated. 


2. Only 0 can be written, to clear flags. 
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Table 10-3 ITU Registers (cont) 


Abbre- Initial 


Channel 

Addrass*^ 

Name 

vlatlon 

RAW 

Value 

2 

H'FF78 

Timer control register 2 

TCR2 

Rm 

H’80 


H-FF79 

Timer I/O control register 2 

TIOR2 

RAW 

H'88 


H’FF7A 

Timer interrupt enable register 2 

TIER2 

RAW 

H’F8 


H'FF7B 

Timer status register 2 

TSR2 

R/(W)*2 

H’F8 


H’FF7C 

Timer counter 2 (high) 

TCNT2H 

RAW 

H’OO 


H'FF7D 

Timer counter 2 (low) 

TCNT2L 

RAW 

H'OO 


H’FF7E 

General register A2 (high) 

GRA2H 

RAW 

H’FF 


H’FF7F 

General register A2 (low) 

GRA2L 

RM 

H’FF 


HTF80 

General register B2 (high) 

GRB2H 

R/W 

H’FF 


H’FF81 

General register B2 (low) 

GRB2L 

R/W 

H’FF 

3 

H'FF82 

Timer control register 3 

■ TCR3 

R/W 

H'80 


H'FF83 

Timer I/O control register 3 

TIOR3 

R/W 

H’88 


H'FF84 

Timer interrupt enable register 3 

TIER3 

R/W 

H'F8 


H’FF85 

Timer status register 3 

TSR3 

R/{W)*2 

H’F8 


H’FF86 

Timer counter 3 (high) 

TCNT3H 

RAW 

H’OO 


H‘FF87 

Timer counter 3 (low) 

TCNT3L 

R/W 

H’OO 


H’FF88 

General register A3 (high) 

GRA3H 

R/W 

H’FF 


H'FF89 

General register A3 (low) 

GRA3L 

RAW 

H’FF 


H’FF8A 

General register B3 (high) 

GRB3H 

RAW 

H’FF 


H’FF8B 

General register B3 (low) 

GRB3L 

R/W 

H’FF 


H’FF8C 

Buffer register A3 (high) 

BRA3H 

R/W 

H’FF 


H'FF8D 

Buffer register A3 (low) 

BRA3L 

R/W 

H’FF 


H'FF8E 

Buffer register B3 (high) 

BRB3H 

R/W 

H’FF 


H’FF8F 

Buffer register B3 (low) 

BRB3L 

R/W 

H’FF 


Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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Table 10-3 ITU Registers (cont) 


Channel 

Address*^ 

Name 

Abbre¬ 

viation 

RAV 

Initial 

Value 

4 

H’FF92 

Timer control register 4 

TCR4 

R/W 

H’80 


H’FF93 

Timer I/O control register 4 

T10R4 

R/W 

H'88 


H’FF94 

Timer interrupt enable register 4 

TiER4 

RAW 

H’F8 


H'FF95 

Timer status register 4 

TSR4 

R/(W)*2 

H’F8 


H’FF96 

Timer counter 4 (high) 

TCNT4H 

RAW 

H'OO 


H’FF97 

Timer counter 4 (low) 

TCNT4L 

RAW 

H’OO 


H'FF98 

General register A4 (high) 

GRA4H 

RAW 

H’FF 


H’FF99 

General register A4 (low) 

GRA4L 

RAW 

H'FF 


H’FF9A 

General register B4 (high) 

GRB4H 

RAA/ 

H’FF 


H'FF9B 

General register B4 (low) 

GRB4L 

RAW 

H’FF 


H’FF9C 

Buffer register A4 (high) 

BRA4H 

R/W 

H'FF 


H’FF9D 

Buffer register A4 (low) 

BRA4L 

RAW 

H'FF 


H’FF9E 

Buffer register B4 (high) 

BRB4H 

RAW 

H'FF 


H'FF9F 

Buffer register B4 (low) 

BRB4L 

RAW 

H'FF 

Notes: 1. 
2. 

The lower 16 bits of the address are indicated. 

Only 0 can be written, to clear flags. 
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10.2 Register Descriptions 

10.2.1 Timer Start Register (TSTR) 

TSTR is an 8-bit readable/writable registCT that starts and stops the timer counter (TCNT) in 
channels 0 to 4. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

STR4 

STR3 

STR2 

STR1 

STRO 

Inhiai vaiue 

1 

1 

1 

0 

0 

0 

0 

0 

Read/WrKe 

— 

— 

— 

R/W 

R/W 

R/W 

R/W 

fU\N 


Reserved bits Counter start 4 to 0 

These bits start and 
stop TCNT4 to TCNTO 


TSTR is initialized to H'EO by a reset and in standby mode. 

Bits 7 to 5—Reserved: Read-only bits, always read as 1. 

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4). 

Bit 4 


STR4 

Description 


0 

TCNT4 is halted 

(Initial value) 

1 

TCNT4 is counting 


Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3). 


Bits 

STR3 

Description 


0 

TCNT3 is hatted 

(Initial value) 

1 

TCNT3 is counting 


Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2). 


BK2 

STR2 

Description 


0 

TCNT2 is halted 

(Initial vaiue) 

1 

TCNT2 is counting 
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Bit 1—Counter Start 1 (STRl): Starts and stops timer counter 1 (TCNTl). 


Biti 


STR1 

Description 


0 

TCNTl is halted 

(Initial value) 

1 

TCNTl is counting 


Bit 0— Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO). 


BitO 



STRO 

Description 


0 

TCNTO is halted 

(initial value) 

1 

TCNTO is counting 



10^.2 Timer Synchro Register (TSNC) 

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate 
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

SYNC4 

SYNC3 

SYNC2 

SYNC1 

SYNCO 

Initial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

R/W 

R/W 

R/W 

R/W 

RAW 


Reserved bits Timer sync 4 to 0 

These bits synchronize 
channels 4 to 0 


TSNC is initialized to H'EO by a reset and in standby mode. 

Bits 7 to 5—Reserved: Read-only bits, always read as 1. 

Bit 4—^Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or 
synchronously. 


Bit 4 

SYNC4 Description 


0 

Channel 4’s timer counter (TCNT4) operates independently 

TCNT4 is preset and cleared independently of other channels 

(Initial value) 

1 

Channel 4 operates synchronously 

TCNT4 can be synchronously preset and cleared 
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Bit 3—^Timer Sync 3 (S YNC3): Selects whether channel 3 operates independently or 
synchronously. 

Bit 3 


SYNCS 

Description 


0 

Channel 3*s timer counter (TCNT3) operates independently 

TCNT3 is preset and cleared independently of other channels 

(Initial value) 

1 

Channel 3 operates synchronously 

TCNT3 can be synchronously preset and cleared 



Bit 2—^Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or 
synchronously. 

Bit 2 


SYNC2 

Description 


0 

Channel 2’s timer counter (TCNT2) operates independently 

TCNT2 is preset and cleared independently of other channels 

(Initial value) 

1 

Channel 2 operates synchronously 

TCNT2 can be synchronously preset and cleared 



Bit 1—^Timer Sync 1 (SYNCl): Selects whether channel 1 operates independently or 
synchronously. 

Biti 

SYNCl 

Description 


0 

Channel 1’s timer counter (TCNT1) operates independently 

TCNT1 is preset and cleared independently of other channels 

(Initial value) 

1 

Channel 1 operates synchronously 

TCNT1 can be synchronously preset and cleared 



Bit 0—^Tinier Sync 0 (S YNCO): Selects whether channel 0 operates independently or 
synchronously. 

BItO 


SYNCO 

Description 


0 

Channel O’s timer counter (TCNTO) operates independently 

TCNTO is preset and cleared independently of other channels 

(Initial value) 

1 

Channel 0 operates synchronously 

TCNTO can be synchronously preset and cleared 



315 














10J2 J Timer Mode Register (TMDR) 

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4, It also 
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

MDF 

FDIR 

PWM4 

PWM3 

PWM2 

PWM1 

PWMO 

initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

FVW 

R/W 

R/W 

R/W 

RyW 

R/W 

RW 


PWM mode 4 to 0 

These bits select PWM 
mode for channels 4 to 0 

Flag direction 

Selects the setting condition for the overflow 
flag (OVF) in timer status register 2 (TSR2) 

Phase counting mode flag 

Selects phase counting mode for channel 2 

Reserved bit 

TMDR is initialized to H’80 by a reset and in standby mode. 

Bit 7—^Reserved: Read-only bit, always read as 1. 

Bit 6—^Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in 
phase counting mode. 

Bite 

MDF Description 


0 

Channel 2 operates normally 

(Initial value) 

1 

Channel 2 operates in phase counting mode 



316 







When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and 
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling 
edges of TCLKA and TCLKB, and counts up or down as follows. 


Counting Direction Down-Counting Up-Counting 


TCLKA pin 

I 

High 

1 

Low 

i 

Low 

1 

High 

TCLKB pin 

Low 

J 

High 

1 

High 


Low 

1 


In phase counting mode channel 2 operates as above regardless of the external clock edges 
selected by bits CKEGl and CKEGO and the clock source selected by bits TPSC2 to TPSCO in 
TCR2, Phase counting mode takes precedence over these settings. 

The counter clearing condition selected by the CCLRl and CCLRO bits in TCR2 and the compare 
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective 
in phase counting mode. 

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The 
FDIR designation is valid in all modes in channel 2. 

Bits 


FDIR 

Description 


0 

OVF is set to 1 in TSR2 when TCNT2 overflows or underflows 

(Initial value) 

1 

OVF is set to 1 in TSR2 when TCNT2 overflows 


Bit 4—^PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode. 

Bit 4 
PWM4 

Description 


0 

Channel 4 operates normally 

(Initial value) 

1 

Channel 4 operates in PWM mode 



When bit PWM4 is set to 1 to select PWM mode, pin TIC)CA4 becomes a PWM output pin. The 
output goes to 1 at compare match with GRA4, and to 0 at compare match with GRB4. 

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMDl and 
CMDO in TFCR, the CMDl and CMDO setting takes precedence and the PWM4 setting is 
ignored. 
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Bit 3—^PWM Mode 3 (PWM3); Selects whether channel 3 operates normally or in PWM mode. 


Bits 


PWM3 

Description 


0 

Channel 3 operates normally 

(Initial value) 

1 

Channel 3 operates In PWM mode 



When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The 
output goes to 1 at compare match with GRA3, and to 0 at compare match with GRB3. 

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMDl and 
CMDO in TFCR, the CMDl and CMDO setting takes precedence and the PWM3 setting is 
ignored. 


Bit 2—^PWM Mode 2 (PWM2); Selects whether channel 2 operates normally or in PWM mode. 

Bit 2 

PWM2 Description 


0 

Channel 2 operates normally 

(Initial value) 

1 

Channel 2 operates in PWM mode 



When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The 
output goes to 1 at compare match with GRA2, and to 0 at compare match with GRB2. 

Bit 1—^PWM Mode 1 (PWMl): Selects whether channel 1 operates normally or in PWM mode. 

Bit1 

PWMl Description 


0 

Channel 1 operates normally 

(Initial value) 

1 

Channel 1 operates in PWM mode 



When bit PWMl is set to 1 to select PWM mode, pin TIOCAl becomes a PWM output pin. The 
output goes to 1 at compare match with GRAl, and to 0 at compare match with GRBl. 
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Bit 0—^PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode. 


BitO 


PWMO 

Description 


0 

Channei 0 operates normally 

(Initial value) 

1 

Channel 0 operates in PWM mode 



Wh^ bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The 
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO. 

10.2.4 Timer Function Control Register (TFCR) 

TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset- 
synchronized PWM mode, and buffering for channels 3 and 4. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

CMD1 

CMDO 

BFB4 

BFA4 

BFB3 

BFA3 

Initial value 

1 

1 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

R/W 

R/W 

R/W 

RW 

R/W 

R/W 


Reserved bits | 

Combination mode 1/0 

These bits select complementary 
PWM mode or reset-synchronized 
PWM mode for channels 3 and 4 

Buffer mode B4 and A4 

These bits select buffering of 
general registers (GRB4 and 
GRA4) by buffer registers 
{BRB4 and BRA4) in channel 4 

Buffer mode B3 and A3 

These bits select buffering 
of general registers (GRB3 
and GRA3) by buffer 
registers (BRB3 and BRA3) 
in channel 3 


TFCR is initialized to H’CO by a reset and in standby mode. 
Bits 7 and 6—Reserved: Read-only bits, always read as 1. 
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Bits 5 and 4—Combination Mode 1 and 0 (CMDl, CMDO): These bits select whether channels 
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode. 


Bits 

CMDl 

Bit 4 
CMDO 

Description 

0 

0 

Channels 3 and 4 operate normally (Initial value) 


1 


1 

0 

Channels 3 and 4 operate together in complementary PWM mode 


1 

Channels 3 and 4 operate together in reset-synchronized PWM mode 


Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer 
counter or counters that will be used in these modes. 

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take 
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of 
timer sync bits SYNC4 and S YNC3 in TSNC are valid in complementary PWM mode and reset- 
synchronized PWM mode, however. When complementary PWM mode is selected, channels 3 
and 4 must not be synchronized (do not set bits S YNC3 and S YNC4 both to 1 in TSNC). 

Bit 3—^Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or 
whether GRB4 is buffered by BRB4. 

Bit 3 


BFB4 

Description 


0 

GRB4 operates normally 

(initial value) 

1 

GRB4 Is buffered by BRB4 



Bit 2—^Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or 
whether GRA4 is buffered by BRA4. 

Bit 2 


BFA4 

Description 


0 

GRA4 operates normally 

(initial value) 

1 

GRA4 Is buffered by BRA4 
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or 
whether GRB3 is buffered by BRB3. 


Blt1 


BFB3 

Description 


0 

GRB3 operates normally 

(Initial value) 

1 

GRB3 is buffered by BRB3 



Bit 0—^Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or 
whether GRA3 is buffered by BRA3. 

BftO 


BFA3 

Description 


0 

GRA3 operates normally 

(Initial value) 

1 

GRA3 is buffered by BRA3 



10.2.5 Timer Output Master Enable Register (TOER) 

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3 
and 4. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

EXB4 

EXA4 

EB3 

EB4 

EA4 

EA3 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

ReadA/Vrite 

— 

— 

R/W 

RW 

RM 

R/W 

R/W 

R/W 


Reserved bits | 

Master enable TOCXA4, TOCXB4 

These bits enable or disable output 
settings for pins TOCXA4 and TOCXB4 

Master enable TIOCA3, TIOCB3 , TIOCA4, TIOCB4 

These bits enable or disable output settings for pins 
TIOCA3, TIOCB3 , TIOCA4, and T10CB4 

TOER is initialized to H'FF by a reset and in standby mode. 

Bits 7 and 6 —Reserved: Read-only bits, always read as 1. 
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Bit 5—Master Enable TOCXB4 (EXB4): Enables or disables ITU output at pin TOCXB4. 

Bits 

EXB4 Description 

0 TOCXB4 output is disabled regardless of TFCR settings (TOCXB4 operates as a generic 

input/output pin). 

If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1. 

1 TOCXB4 is enabled for output according to TFCR settings (Initial value) 


Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TCX!XA4, 

Bit 4 

EXA4 Description 

0 TOCXA4 output is disabled regardless of TFCR settings (TOCXA4 operates as a generic 

Input/output pin). 

If XTGD = 0, EXA4 Is cleared to 0 when input capture A occurs in channel 1. 

1 TOCXA4 is enabled for output according to TFCR settings (Initial value) 


Bit 3—^Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB3. 


Bits 

EB3 

Description 

0 

TIOCB3 output Is disabled regardless of TIOR3 and TFCR settings (TIOCB3 operates as 
a generic input/output pin). 

If XTGD * 0, EB3 is cleared to 0 when input capture A occurs in channel 1. 

1 

TIOCB3 is enabled for output according to TIOR3 and TFCR settings (Initial value) 
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Bit 2—^Master Enable TI0CB4 (EB4): Enables or disables ITU output at pin TIC)CB4. 


Bit2 

EB4 

Description 

0 

TIOCB4 output is disabled regardless of T10R4 and TFCR settings (TIOCB4 operates as 
a generic input/output pin). 

if XTGD * 0, EB4 is cleared to 0 when input capture A occurs in channel 1. 

1 

TIOCB4 is enabled for output according to TIOR4 and TFCR settings (initial value) 


Bit 1—^Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA4. 

BH1 

EA4 Description 

0 TiOCA4 output is disabled regardless of TiOR4, TMDR, and TFCR settings (TiOCA4 

operates as a generic input/output pin). 

If XTGD = 0, EA4 Is cleared to 0 when input capture A occurs In channel 1. 

1 TIOCA4 is enabled for output according to TIOR4, TMDR, and (Initial value) 

TFCR settings 


Bit 0—^Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA3. 

BItO 

EA3 Description 

0 TIOCA3 output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA3 

operates as a generic input/output pin). 

If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1. 

1 TiOCA3 is enabled for output according to TIOR3, TMDR, and (Initial value) 

TFCR settings 
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10^.6 Timer Output Control Register (TOCR) 

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

XTGD 

— 

— 

OLS4 

OLS3 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

— 

— 

—- 

RM 

— 

— 

R/W 

R/W 


Reserved bits 


Output level select 3,4 

These bits select output 
levels in complementary 
PWM mode and reset- 
synchronized PWM mode 


Reserved bits 


External trigger disable 

Selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized 
PWM mode 


The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode 
and reset-synchronized PWM mode. These settings do not affect other modes. 

TOCR is initialized to H’FF by a reset and in standby mode. 

Bits 7 to 5—Reserved: Read-only bits, always read as 1. 

Bit 4—^External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output 
in complementary PWM mode and reset-synchronized PWM mode. 

Bit 4 

XTGD Description 

0 Input capture A in channel 1 is used as an external trigger signal In complementary PWM 

mode and reset-synchronized PWM mode. 

When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 
output. 

1 External triggering is disabled (Initial value) 
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Bits 3 and 2—Reserved: Read-only bits, always read as 1. 


Bit 1—Output Level Select 4 (OLS4): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 

Bit1 


OLS4 

Description 


0 

TIOCA3, TIOCA4. and T10CB4 outputs are inverted 


1 

TIOCA3, TIOCA4, and TIOCB4 outputs are not inverted 

(Initial value) 


Bit 0—Output Level Select 3 (OLS3): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 


BHO 

OLS3 

Description 


0 

TIOCB3, TOCXA4, and TOCXB4 outputs are inverted 


1 

TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted 

(initial value) 


10.2.7 Timer Counters (TCNT) 

TCNT is a 16-bit counter. The ITU has five TCNTs, one for each channel. 


Channel 

Abbreviation 

Function 

0 

TCNTO 

Up-counter 

1 

TCNT1 


2 

TCNT2 

Phase counting mode: up/down-counter 

Other modes: up-counter 

3 

TCNT3 

Complementary PWM mode: up/down-counter 

4 

TCNT4 

Other modes: up-counter 

Bit 

15 14 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 0000000000000000 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RAV R/W R/W R/W R/W R/W R/W R/W 

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The 
clock source is selected by bits TPSC2 to TPSCO in TCR. 
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TCNTO and TCNTl are up-counters. TCNT2 is an up/down-counier in phase counting mode and 
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM 
mode and up-counters in other modes. 

TCNT can be cleared to H’OOOO by compare match with GRA or GRB or by input capture to GRA 
or GRB (counter clearing function) in the same channel. 

When TCNT overflows (changes from HTFFF to fr(X)(X)), the OVF flag is set to 1 in TSR of the 
corresponding channel. 

When TCNT underflows (changes from H'OOOO to H'FFFb), the OVF flag is set to 1 in TSR of the 
corresponding channel. 

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either 
wcM-d access or byte access. 

Each TCNT is initialized to H’CXXX) by a reset and in standby mode. 

10.2.8 General Registers (GRA, GRB) 

The general registers are 16-bit registers. The ITU has 10 general registers, two in each channel. 


Channel Abbreviation Function 


0 

GRAO, GRBO 

Output compare/input capture register 

1 

GRAI.GRBI 


2 

GRA2. GRB2 


3 

GRA3. GRB3 

Output compare/input capture register; can be buffered by buffer 

4 

GRA4. GRB4 

registers BRA and BRB 

Bit 

15 14 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write R/W R/W R/W R/W R/W R/W RW RM RM R/W R/W R/W R/W R/W R/W R/W 

A general register is a 16-bit readable/writable register that can function as either an output 
compare register or an input capture register. The function is selected by settings in TIOR. 

When a general register is used as an output compare register, its value is constantly compared 
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set 
to 1 in TSR. Compare match output can be selected in TIOR. 
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When a general register is used as an input capture register, rising edges, falling edges, or both 
edges of an external input capture signal are detected and the current TCNT value is stored in the 
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The 
valid edge or edges of the input capture signal are selected in TIOR. 

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized 
PWM mode. 

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by 
either word access or byte access. 

General registers are initialized to the output compare function (with no output signal) by a reset 
and in standby mode. The initial value is ITFFFF. 

10.2.9 Buffer Registers (BRA, BRB) 

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3 
and 4. 


Channel 

Abbreviation 

Function 

3 

BRA3. BRB3 

Used for buffering 

4 

BRA4, BRB4 

• When the corresponding GRA or GRB functions as an output 
compare register, BRA or BRB can function as an output compare 
buffer register: the BRA or BRB value Is automatically transferred 
to GRA or GRB at compare match 



• When the corresponding GRA or GRB functions as an input 
capture register, BRA or BRB can function as an input capture 
buffer register: the GRA or GRB value is automatically transferred 
to BRA or BRB at input capture 

Bit 

15 14 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 


initial value 1111111111111111 
Read/Write RAV R/W RM R/W R/W R/W R/W R/W R/W RAV R/W R/W R/W R/W R/W R/W 

A buffer register is a 16-bit readable/writable register that is used when buffering is selected. 
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR. 

The buffer register and general register operate as a pair. When the general register functions as an 
output compare register, the buffer register functions as an output compare buffer register. When 
the general register functions as an input capture register, the buffer register functions as an input 
capture buffer register. 
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by 
either word or byte access. 

Buffer registers are initialized to H'FFFF by a reset and in standby mode. 

10^.10 Timer Control Registers (TCR) 


TCR is an 8-bit register. The ITU has five TCRs, one in each channel. 

Channel Abbreviation Function 

0 TCRO TCR controls the timer counter. The TCRs In all channels are 

TCR1 functionally identical. When phase counting mode is selected in 

_ channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to 

2 TCR2 TPSCO in TCR2 are Ignored. 

3 TCR3 

4 TCR4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

R/W 

R/W 

R/W 

RAV 

R/W 

RM 


Timer prescaler 2 to 0 

These bits select the 
counter clock 

Clock edge 1/0 

These bits select external clock edges 

Counter clear 1/0 

These bits select the counter clear source 

Reserved bit 

Each TCR is an 8-bit readablc/writable register that selects the timer counter clock source, selects 
the edge or edges of external clock sources, and selects how the counter is cleared. 

TCR is initialized to H'80 by a reset and in standby mode. 

Bit 7—^Reserved: Read-only bit, always read as 1. 
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Bits 6 and 5—Counter Clear 1/0 (CCLRl, CCLRO): These bits select how TCNT is cleared. 


BK6 

CCLRl 

Bits 

CCLRO 

Description 


0 

0 

TCNT is not cleared 

(initial value) 


1 

TCNT is cleared by GRA compare match or input capture*^ 


1 

0 

TCNT is cleared by GRB compare match or input capture*^ 



1 

Synchronous clear: TCNT is cleared in synchronization with other 
synchronized timers*2 


Notes: 1. TCNT is cleared by compare match when the general register functions as an output 
compare register, and by input capture when the general register functions as an input 
capture register. 

2. Selected in TSNC. 


Bits 4 and 3—Clock Edge 1/0 (CKEGl, CKEGO): These bits select external clock input edges 
when an external clock source is used. 

Bit 4 Bit 3 

CKEGl CKEGO Description 


0 

0 

Count rising edges 

(Initial value) 


1 

Count falling edges 


1 

— 

Count both edges 



When channel 2 is set to phase counting mode, bits CKEGl and CKEGO in TCR2 are ignored. 
Phase counting takes precedence. 
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Bits 2 to 0—^Timer Prescaler 2 to 0 (TPSC2 to TPSCO): These bits select the counter clock 
source. 


Bit 2 
TPSC2 

Biti 

TPSC1 

BitO 

TPSCO 

Function 


0 

0 

0 

internal clock: 0 

(Initial value) 



1 

internal clock: 0/2 



1 

0 

Internal clock: 0/4 




1 

internal clock: 0/8 


1 

0 

0 

External clock A: TCLKA input 




1 

External clock B: TCLKB input 



1 

0 

External clock C: TCLKC input 




1 

External clock D: TCLKD input 



When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only 
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer 
counts the edge or edges selected by bits CKEGl and CKEGO. 


When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to 
TPSCO in TCR2 are ignored. Phase counting takes precedence. 

10.2.11 Timer I/O Control Register (TIOR) 


TIOR is an 8-bit register. The ITU has five TIORs, one in each channel. 


Channel 

Abbreviation 

0 

TIORO 

1 

TIOR1 

2 

TIOR2 

3 

TIOR3 

4 

TIOR4 


Function 

TIOR controls the general registers. Some functions differ in PWM 
mode. TIOR3 and TIOR4 settings are ignored when complementary 
PWM mode or reset-synchronized PWM mode is selected in 
channels 3 and 4. 
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Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

IOB2 

KDBI 

lOBO 

— 

IOA2 

IOA1 

lOAO 

Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

RAV 

FVW 

R/W 

— 

RPAi 

R/W 

RA/V 


I/O control A2 to AO 

These bits select GRA 
functions 

Reserved bit 

I/O control B2 to BO 

These bits select GRB functions 

Reserved bit 

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture 
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the 
output compare function is selected, TIOR also selects the type of output If input capture is 
selected. TIOR also selects the edge or edges of the input capture signal. 

TIOR is initialized to H’88 by a reset and in standby mode. 

Bit 7—Reserved: Read-only bit, always read as 1. 

Bits 6 to 4—I/O Control B2 to BO (IOB2 to lOBO): These bits select the GRB function. 


Bite 

Bits 

Bit 4 



IOB2 

IOB1 

iOBO 

Function 


0 

0 

0 

GRB is an output 
compare register 

No output at compare match (initial value) 



1 

0 output at GRB compare match*i 


1 

0 


1 output at GRB compare match*^ 



1 


Output toggles at GRB compare match 
(1 output in channel 2)*1. *2 

1 

0 

0 

GRB is an input 

GRB captures rising edge of input 



1 

capture register 

GRB captures falling edge of input 


1 

0 


GRB captures both edges of input 



1 




Notes: 1. After a reset, the output is 0 until the first compare match. 

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output 
instead. 
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Bit 3—^Reserved: Read-only bit, always read as 1. 

Bits 2 to 0 —IJO Control A2 to AO {IOA2 to lOAO): These bits select the GRA function. 


Bit 2 

BItl 

BitO 



IOA2 

IOA1 

lOAO 

Function 


0 

0 

0 

GRA is an output 

No output at compare match (Initial value) 



1 

compare register 

0 output at GRA compare match*** 


1 

0 


1 output at GRA compare match*** 



1 


Output toggles at GRA compare match 
(1 output in channel 2)*i' *2 

1 

0 

0 

GRA is an input 

GRA captures rising edge of input 



1 

capture register 

GRA captures falling edge of input 


1 

0 


GRA captures both edges of input 



1 




Notes: 1. After a reset, the output is 0 until the first compare match. 

2 . Channel 2 output cannot be toggled by compare match. This setting selects 1 output 
instead. 


10.2.12 Timer Status Register (TSR) 

TSR is an 8-bit register. The ITU has five TSRs, one in each channel. 


Channel 

Abbreviation 

Function 

0 

TSRO 

Indicates input capture, compare match, and overflow status 

1 

TSR1 


2 

TSR2 


3 

TSR3 


4 

TSR4 
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Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 

initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/(W)* 

R/(W)* 

R/(W)* 


Reserved bits | 

Overflow flag 

Status flag indicating 
overflow or underflow 

Input capture/compare match flag B 

Status flag indicating GRB compare 
match or input capture 

Input capture/compare match flag A 

Status flag Indicating GRA compare 
match or Input capture 


Note: * Only 0 can be written, to clear the flag. 


Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or 
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources 
and generate CPU interrupts if enabled by corresponding bits in TIER. 

TSR is initialized to H'F8 by a reset and in standby mode. 


Bits 7 to 3—Reserved: Read-only bits, always read as 1. 

Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow. 

Bit 2 

OVF Description 

0 [Clearing condition] (initial value) 

Read OVF when OVF = 1, then write 0 in OVF 

1 [Setting condition] 

TCNT overflowed from H’FFFF to H’OOOO, or underflowed from H'OOOO to H’FFFF* 

Notes: ♦ TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow occurs 
only under the following conditions: 

1 . Channel 2 operates in phase counting mode (MDF = 1 in TMDR) 

2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO « 0 in 
TFCR) 
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Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB 
compare match or input capture events. 

Bill 


IMFB 

Description 


0 

[Clearing condition] 

Read IMFB when IMFB = 1, then write 0 in IMFB 

(Initial value) 

1 

[Setting conditions] 

TCNT * GRB when GRB functions as an output compare register. 

TCNT value is transferred to GRB by an input capture signal, when GRB functions as 
an input capture register. 


Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA 
compare match or input capture events. 

BitO 


IMFA 

Description 


0 

[Clearing condition] 

Read IMFA when IMFA = 1, then write 0 in IMFA. 

DMAC activated by IMIA interrupt (channels 0 to 3 only). 

(initial value) 

1 

[Setting conditions] 

TCNT = GRA when GRA functions as an output compare register. 

TCNT value is transferred to GRA by an Input capture signal, when GRA functions 
as an input capture register. 
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10.2.13 Timer Interrupt Enable Register (TIER) 

TIER is an 8-bit register. The ITU has five TIERs, one in each channel. 
Channel Abbreviation Function 

0 TIERO Enables or disables interrupt requests. 


1 

TIER1 

2 

TIER2 

3 

TIERS 

4 

TIER4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

—• 

OVIE 

IMIEB 

IMIEA 

Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/W 

R/W 

R/W 


Reserved bits | 

Overflow interrupt enable 

Enables or disables OVF 
interrupts 

Input capture/compare match 
interrupt enable B 

Enables or disables IMFB interrupts 

Input capture/compare match 
interrupt enable A 
Enables or disables IMFA 
interrupts 


Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt 
requests and general register compare match and input capture interrupt requests. 

TIER is initialized to HT8 by a reset and in standby mode. 

Bits 7 to 3—Reserved: Read-only bits, always read as 1. 
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the 
OVF flag in TSR when OVF is set to 1. 

Bit 2 


OVIE 

Description 


0 

OVl interrupt requested by OVF is disabled 

(Initial value) 

1 

OVi interrupt requested by OVF is enabled 


Bit 1—^Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the 
interrupt requested by the IMFB flag in TSR when IMFB is set to 1. 

Blt1 

IMIEB 

Description 


0 

IMIB interrupt requested by IMFB is disabled 

(Initial value) 

1 

IMIB interrupt requested by IMFB Is enabled 


Bit 0—^Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the 
interrupt requested by the IMFA flag in TSR when IMFA is set to 1. 

BitO 

IMIEA 

Description 


0 

IMIA interrupt requested by IMFA is disabled 

(Initial value) 

1 

IMIA interrupt requested by IMFA is enabled 



336 










10.3 CPU Interface 


10 J.l 16-Bit Accessible Registers 

The timer counters (TCNTs), general registers A and B (GRAs and GRBs), and buffer registers A 
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an internal 16-bit data 
bus. These registers can be written or read a word at a time, or a byte at a time. 

Figures 10-6 and 10-7 show examples of word access to a timer counter (TCNT). Figures 10-8, 
10-9,10-10, and 10-11 show examples of byte access to TCNTH and TCNTL. 



Figure 10-6 Access to Timer Counter (CPU Writes to TCNT, Word) 



Figure 10-7 Access to Timer Counter (CPU Reads TCNT, Word) 
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On-chIp data bus 




Figure 10-9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte) 



Figure 10-10 Access to Timer Counter (CPU Reads TCNT, Upper Byte) 
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Figure 10-11 Access to Timer Counter (CPU Reads TCNT, Lower Byte) 
103.2 8-Bit Accessible Registers 

The registers other than the timer counters, general registers, and buffer registers are 8-bit 
registers. These registers are linked to the CPU by an internal 8-bit data bus. 

Figures 10-12 and 10-13 show examples of byte read and write access to a TCR. 

If a word-size data transfer instruction is executed, two byte transfers are performed. 


On-chip data bus 

^ H 

Bus interface 


< .., > 


^ V 

CPU L 

>1 JSv 







TCR 


Figure 10-12 TCR Access (CPU Writes to TCR) 
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10.4 Operation 

10.4.1 Overview 

A summary of operations in the various modes is given below. 

Normal Operation: Each channel has a timer counter and general registers. The timer counter 
counts up, and can operate as a free-running counter, periodic counter, or external event counter. 
General registers A and B can be used for input capture or output compare. 

Synchronous Operation: The timer counters in designated channels are preset synchronously. 
Data written to the timer counter in any one of these channels is simultaneously written to the 
timer counters in the other channels as well. The timer counters can also be cleared synchronously 
if so designated by the CCLRl and CCLRO bits in the TCRs. 

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare 
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending 
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB 
automatically become output compare registers. 

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
complementary waveforms. (The three phases are related by having a common transition point.) 
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically 
function as output compare registers, TI(XA3, TICXIIB3, TIOCA4, TOCXA4, TIC)CB4, and 
TOCXB4 function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates 
independently, and is not compared with GRA4 or GRB4. 

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
non-overlapping complementary waveforms. When complementary PWM mode is selected 
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and 
TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 function as PWM output pins. 
TCNT3 and TCNT4 operate as up/down-counters. 

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and 
TCLKB is detected and TCNT2 counts up or down accordingly. When phase counting mode is 
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down- 
counter. 
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Buffering 

• If the general register is an output compare register 

When compare match occurs the buffer register value is transferred to the general register. 

• If the general register is an input capture register 

When input capture occurs the TCNT value is transferred to the general register, and the 
previous general register value is transferred to the buffer register. 

• Complementary PWM mode 

The buffer register value is transferred to the general register when TCNT3 and TCNT4 
change counting direction. 

• Reset-synchronized PWM mode 

The buffer register value is transferred to the general register at GRA3 compare match. 

10.4.2 Basic Functions 

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register 
(TSTR), the timer counter (TCNT) in the corresponding channel starts counting. The counting can 
be free-running or periodic. 

• Sample setup procedure for counter 

Figure 10-14 shows a sample procedure for setting up a counter. 
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Periodic counter Free-running counter 


Figure 10-14 Counter Setup Procedure (Example) 

1. Set bits TPSC2 to TPSCO in TCR to select ihe counter clock source. If an external clock 
source is selected, set bits CKEGl and CKEGO in TCR to select the desired edge(s) of the 
external clock signal. 

2. For periodic counting, set CCLRl and CCLRO in TCR to have TCNT cleared at GRA 
compare match or GRB compare match. 

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in 
step 2. 

4. Write the count period in GRA or GRB, whichever was selected in step 2. 

5. Set the STR bit to 1 in TSTR to start the timer counter. 
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Free-running and pericxlic counter operation 


A reset leaves the counters (TCNTs) in ITU channels 0 to 4 all set as free-running counters. A 
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When 
the count overflows from H'FFFF to H’OOOO, the OVF flag is set to 1 in TSR. If the 
corresponding OVIE bit is set to 1 in TIER, a CPU interrupt is requested. After the overflow, 
the counter continues counting up from H’OOOO. Figure 10-15 illustrates free-running 
counting. 



When a channel is set to have its counter cleared by compare match, in that channel TCNT 
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit 
CCLRl or CCLRO in TCR to have the counter cleared by compare match, and set the count 
period in GRA or GRB. After these settings, the counter starts counting up as a periodic 
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or 
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H’OOOO. If the 
corresponding IMIEA or IMIEB bit is set to I in TIER, a CPU interrupt is requested at this 
time. After the compare match, TCNT continues counting up from H’OOOO. Figure 10-16 
illustrates periodic counting. 
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Figure 10-16 Periodic Counter Operation 


• TCNT count timing 
— Internal clock source 

Bits TPSC2 to TPSCO in TCR select the system clock (0) or one of three internal clock 
sources obtained by prescaling the system clock (0/2,0/4,0/8). 

Figure 10-17 shows the timing. 
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External clock source 


Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TQ.KD), 
and its valid edge or edges are selected by bits CKEGl and CKEGO. The rising edge, 
falling edge, or both edges can be selected. 

The pulse width of the external clock signal must be at least 1.5 system clocks when a 
single edge is selected, and at least 2.5 system clocks when both edges are selected. 
Shorter pulses will not be counted correctly. 


Figure 10-18 shows the timing when both edges are detected. 



Figure 10-18 Count Timing for External Clock Sources (when Both Edges are Detected) 
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Waveform Output by Compare Match: In ITU channels 0,1,3, and 4, compare match A or B 
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the 
output can only go to 0 or go to 1. 

• Sample setup procedure for waveform output by compare match 

Figure 10-19 shows a sample procedure for setting up waveform output by compare match. 


1. Select the compare match output mode (0. 1, or 
toggle) in TIOR. When a waveform output mode 
is selected, the pin switches from its generic input/ 
output function to the output compare function 
(TIOCA or TIOCB). An output compare pin outputs 
0 until the first compare match occurs. 


2. Set a value In GRA or GRB to designate the 
compare match timing. 


3. Set the STR bit to 1 In TSTR to start the timer 
counter. 


Waveform output 


Figure 10-19 Setup Procedure for Waveform Output by Compare Match (Example) 

• Examples of waveform output 

Figure 10-20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0 
output is selected for compare match A, and 1 output is selected for compare match B. When 
the pin is already at the selected output level, the pin level does not change. 
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Figure 10-20 0 and 1 Output (Examples) 


Figure 10-21 shows examples of toggle output. TCNT operates as a periodic counter, cleared 
by compare match B. Toggle output is selected for both compare match A and B. 



Figure 10-21 Toggle Output (Example) 
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• Output compare timing 

The compare match signal is generated in the last state in which TCNT and the general 
register match (when TCNT changes from the matching value to the next value). When the 
compare match signal is generated, the output value selected in TIOR is output at the output 
compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare 
match signal is not generated until the next counter clock pulse. 

Figure 10-22 shows the output compare timing. 


» j 

TCNT input 
clock — 


TCNT N 


GR N 


Compare 
match signal 

TIOCA, 

TIOCB 



X 


X 


Figure 10-22 Output Compare Timing 


Input Capture Function: The TCNT value can be captured into a general register when a 
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take 
place on the rising edge, falling edge, or both edges. The input capture function can be used to 
measure pulse width or period. 

• Sample setup procedure for input capture 


Figure 10-23 shows a sample procedure for setting up input capture. 
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Figure 10-23 Setup Procedure for Input Capture (Example) 


• Examples of input capture 

Figure 10-24 illustrates input capture when the falling edge of TIOCB and both edges of 
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB. 



Figure 10-24 Input Capture (Example) 
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• Input capture signal timing 

Input capture on the rising edge, falling edge, or both edges can be selected by settings in 
TIOR. Figure 10-25 shows the timing when the rising edge is selected. The pulse width of the 
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system 
clocks for capture of both edges. 
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10.4J Synchronization 

The synchronization function enables two or more timer counters to be synchronized by writing 
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or 
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization 
enables additional general registers to be associated with a single time base. Synchronization can 
be selected for all channels (0 to 4). 

Sample Setup Procedure for Synchronization: Figure 10-26 shows a sample procedure for 
setting up synchronization. 



Synchronous preset Counter clear Synchronous clear 


1. Set the SYNC bits to 1 in TSNC for the channels to be synchronized. 

2. When a value is written in TCNT in one of the synchronized channels, the same value Is 
simultaneously written in TCNT in the other channels (synchronized preset). 

3. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture. 

4. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously. 

5. Set the STR bits in TSTR to 1 to start the synchronized counters. 


Figure 10-26 Setup Procedure for Synchronization (Example) 
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Example of Synchronization: Figure 10-27 shows an example of synchronization. Channels 0,1, 
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing 
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The 
timer counters in channels 0,1, and 2 are synchronously preset, and are synchronously cleared by 
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCAO, 
TIOCAl, and T1CK1A2. For further information on PWM mode, see section 10.4.4, PWM Mode. 
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10.4.4 PWM Mode 


In PWM mode GRA and GRB are paired and a PWM waveform is output from the TKX^A pin. 
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which 
the PWM output changes to 0. If either GRA or GRB is selected as the counter clear source, a 
PWM waveform with a duty cycle from 0% to 100% is output at the TICXTA pin. PWM mode can 
be selected in all channels (0 to 4). 

Table 10-4 summarizes the PWM output pins and corresponding registers. If the same value is set 
in GRA and GRB, the output does not change when compare match occurs. 


Table 10-4 PWM Output Pins and Registers 


Channel 

Output Pin 

1 Output 

0 Output 

0 

TIOCAO 

GRAO 

GRBO 

1 

TIOCA1 

GRA1 

GRB1 

2 

TIOCA2 

GRA2 

GRB2 

3 

TIOCA3 

GRA3 

GRB3 

4 

TIOCA4 

GRA4 

GRB4 
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Sample Setup Procedure for PWM Mode: Figure 10-28 shows a sample procedure for setting 
up PWM mode. 



PWM mode 


1. Set bits TPSC2 to TPSCO in TCR to 
select the counter clock source. If an 
external clock source is selected, set 
bits CKEG1 and CKEGO in TCR to 
select the desired edge(s) of the 
external clock signal. 

2. Set bits CCLR1 and CCLRO in TCR 
to select the counter clear source. 

3. Set the time at which the PWM 
waveform should go to 1 In GRA. 

4. Set the time at which the PWM 
waveform should go to 0 In GRB. 

5. Set the PWM bit in TMDR to select 
PWM mode. When PWM mode is 
selected, regardless of the TIOR 
contents, GRA and GRB become 
output compare registers specifying 
the times at which the PWM output 
goes to 1 and 0. The TIOCA pin 
automatically becomes the PWM 
output pin. The TIOCB pin conforms 
to the settings of bits IOB1 and lOBO 
in TIOR. If TIOCB output is not 
desired, clear both IOB1 and lOBO to 0. 

6. Set the STR bit to 1 in TSTR to start 
the timer counter. 


Figure 10-28 Setup Procedure for PWM Mode (Example) 
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Examples of PWM Mode: Figure 10-29 shows examples of operation in PWM mode. In PWM 
mode TIOCA becomes an output pin. The output goes to 1 at compare match with GRA, and to 0 
at compare match with GRB. 

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized 
operation and free-running counting are also possible. 


TCNT value 



TCNT value 



TIOCA 


b. Counter cleared by GRB 


Figure 10-29 PWM Mode (Example 1) 
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Figure 10-30 shows examples of the output of PWM waveforms with duty cycles of 0% and 
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value 
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB 
is set to a higher value than GRA, the duty cycle is 100%. 



Figure 10-30 PWM Mode (Example 2) 
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10.4.5 Reset-Synchronized PWM Mode 

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of 
complementary PWM waveforms, all having one waveform transition point in common. 

When reset-synchronized PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXA4, 
TIOCB4, and TC)CXB4 automatically become PWM output pins, and TCNT3 functions as an up- 
counter. 

Table 10-5 lists the PWM output pins. Table 10-6 summarizes the register settings. 

Table 10-5 Output Pins in Reset-Synchronized PWM Mode 


Channel 

Output Pin 

Description 

3 

TIOCA3 

PWM output 1 


TIOCB3 

PWM output 1' (complementary waveform to PWM output 1) 

4 

TIOCA4 

PWM output 2 


TOCXA4 

PWM output 2' (complementary waveform to PWM output 2) 


TIOCB4 

PWM output 3 


TOCXB4 PWM output 3' (complementary waveform to PWM output 3) 


Table 10-6 

Register 

Register Settings in Reset-Synchronized PWM Mode 

Setting 

TCNT3 

initially set to H'OOOO 

TCNT4 

Not used (operates independently) 

GRA3 

Specifies the count period of TCNT3 

GRB3 

Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 

GRA4 

Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 

GRB4 

Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Sample Setup Procedure for Reset-Synchronized PWM Mode: Figure 10-31 shows a sample 
procedure for setting up reset-synchronized PWM mode. 



Reset-synchronized PWM mode 


1. Clear the STR3 bit in TSTR to 0 to 
halt TCNT3. Reset-synchronized 
PWM mode must be set up while 
TCNT3 is halted. 

2. Set bits TPSC2 to TPSCO in TCR to 
select the counter clock source for 
channel 3. If an external clock source 
is selected, select the external clock 
edge(s) with bits CKEG1 and CKEGO 
in TCR. 

3. Set bits CCLR1 and CCLRO in TCR3 
to select GRA3 compare match as 
the counter clear source. 

4. Set bits CMD1 and CMDO in TFCR to 
select reset-synchronized PWM mode. 
TIOCA3, TIOCB3, TIOCA4, TIOCB4. 
TOCXA4, and TOCXB4 automatically 
become PWM output pins. 

5. Preset TCNT3 to H’OOOO. TCNT4 
need not be preset. 

6. GRA3 is the waveform period register. 
Set the waveform period value in 
GRA3. Set transition times of the 
PWM output waveforms in GRB3, 
GRA4, and GRB4. Set times within 
the compare match range of TCNT3. 

X < GRA3 (X: setting value) 

Set the STR3 bit in TSTR to 1 to start 
TCNT3. 


Figure 10-31 Setup Procedure for Reset-Synchronized PWM Mode (Example) 
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Example of Reset-Synchronized PWM Mode: Figure 10-32 shows an example of operation in 
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates 
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TQ^3 is 
cleared and resumes counting from H'OOOO. The PWM ou^uts toggle at compare match of 
TCNT3 with GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared. 



Figure 10-32 Operation in Reset-Synchronized PWM Mode (Example) 
(when OLS3 = OLS4 = 1) 


For the settings and operation when reset-synchronized PWM mode and buffer mode are both 
selected, see section 10.4.8, Buffering. 
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10.4.6 Complementary PWM Mode 

In complementary PWM mode channels 3 and 4 are combined to output three pairs of 
complementary, non-overlapping PWM waveforms. 

When complementary PWM mode is selected TIOCA3, TI(X!B3, TIC)CA4, T(X]XA4, TICX^B4, 
and TOCXB4 automatically become PWM output pins, and TCNT3 and TCNT4 function as 
up/down-counters. 

Table 10-7 lists the PWM output pins. Table 10-8 summarizes the register settings. 

Table 10-7 Output Pins in Complementary PWM Mode 


Channel 

Output Pin 

Description 

3 

TIOCA3 

PWM output 1 


TIOCB3 

PWM output 1' (non-overlapping complementary waveform to PWM 
output 1) 

4 

T10CA4 

PWM output 2 


TOCXA4 

PWM output 2' (non-overlapping complementary wraveform to PWM 
output 2) 


TIOCB4 

PWM output 3 


TOCXB4 PWM output 3' (non-overlapping complementary waveform to PWM 
output 3) 


Table 10-8 

Register 

Register Settings in Complementary PWM Mode 

Setting 

TCNT3 

Initially specifies the non-overlap margin (difference to TCNT4) 

TCNT4 

Initially set to H’OOOO 

GRA3 

Specifies the upper limit value of TCNT3 minus 1 

GRB3 

Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 

GRA4 

Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 

GRB4 

Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Setup Procedure for Complementary PWM Mode: Figure 10-33 shows a sample procedure for 
setting up complementary PWM mode. 



Complementary PWM mode 


1. Clear bits STR3 and STR4 to 0 in 
TSTR to halt the timer counters. 
Complementary PWM mode must be 
set up while TCNT3 and TCNT4 are 
halted. 

2. Set bits TPSC2 to TPSCO in TCR to 
select the same counter clock source 
for channels 3 and 4. If an external 
clock source is selected, select the 
external clock edge(s) with bits 
CKEG1 and CKEGO in TCR. Do not 
select any counter clear source 

with bits CCLR1 and CCLRO in TCR. 

3. Set bits CMD1 and CMDO in TFCR 
to select complementary PWM mode. 
TIOCA3, TIOCB3, TIOCA4, TIOCB4, 
TOCXA4, and TOCXB4 automatically 
become PWM output pins. 

4. Clear TCNT4 to H’OOOO. Set the 
non-overlap margin in TCNT3. Do not 
set TCNT3 and TCNT4 to the same 
value. 

5. GRA3 is the waveform period 
register. Set the upper limit value of 
TCNT3 minus 1 in GRA3. Set 
transition times of the PWM output 
waveforms In GRB3, GRA4, and 
GRB4. Set times within the compare 
match range of TCNT3 and TCNT4. 

T < X (X: initial setting of GRB3, 
GRA4, or GRB4. T: initial setting of 
TCNT3) 

6. Set bits STR3 and STR4 in TSTR to 
1 to start TCNT3 and TCNT4. 


Note: After exiting complementary PWM mode, to resume operating in complementary 
PWM mode, follow the entire setup procedure from step 1 again. 


Figure 10-33 Setup Procedure for Complementary PWM Mode (Example) 
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Clearing Procedure for Complementary PWM Mode: Figure 10-34 shows the steps to clear 
complementary PWM mode. 



Normal operating mode 


1. Clear the CMD1 bit of TFCR to 0 to 
set channels 3 and 4 to normal 
operating mode. 

2. After setting channels 3 and 4 to 
normal operating mode, wait at least 
one counter clock period, then clear 
bits STR3 and STR4 of TSTR to 0 to 
stop counter operation of TCNT3 and 
TCNT4. 


Figure 10-34 Clearing Procedure for Complementary PWM Mode 
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Examples of Complementary PWM Mode: Rgure 10-35 shows an example of operatiOT in 
complementary PWM mode. TCNT3 and TCNT4 op^te as up/down-counters, counting down 
from compare match between TCNT3 and GRA3 and counting up from the point at which 
TCNT4 undoflows. During each up-and-down counting cycle, PWM waveforms are generated by 
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 is initially set to a 
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4, 
TCNT3. 


TCNT3 and 
TCNT4 values 


Down-counting starts at compare 
match between TCNT3 and GRA3 


TCNT3 


GRB3 


GRA4 


GRB4 


H’OOOO 


TIOCA3 


TIOCB3 


TIOCA4 


TOCXA4 


TIOCB4 


TCNT4 


Up-counting starts when 
TCNT4 underflows i! 


TOCXB4 


Figure 10-35 Operation in Complementary PWM Mode (Example 1, OLS3 = OLS4 = 1) 
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Figure 10-36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in 
complementary PWM mode. In this example the outputs change at compare match with GRB3, so 
waveforms with duty cycles of 0% or 100 % can be output by setting GRB3 to a value larger than 
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For 
further information see section 10.4.8, Buffering. 



Figure 10-36 Operation in Complementary PWM Mode (Example 2, OLS3 = OLS4 = 1) 
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In complementary PWM mode. TCNT3 and TCNT4 overshoot and undershoot at the transitions 
between up-counting and down^ounting. The setting conditions for the IMFA bit in channel 3 
and the OVF bit in channel 4 differ jfrom the usual conditions. In buffered operation the buffer 
transfer conditions also differ. Timing diagrams are shown in figures 10-37 and 10-38. 
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Figure 10-38 Undershoot Timing 


In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when 
an underflow occurs. When buffering is selected, buffer register contents are transferred to the 
general register at compare match A3 during up-counting, and when TCNT4 underflows. 

General Register Settings in Complementary PWM Mode: When setting up general registers 
for complementary PWM mode or changing their settings during operation, note the following 
points. 

• Initial settings 

Do not set values from H'OOOO to T - 1 (where T is the initial value of TCNT3). After the 
counters start and the first compare match A3 event has occurred, however, settings in this 
range also become possible. 

• Changing settings 

Use the buffer registers. Correct waveform output may not be obtained if a general register is 
written to directly. 

• Cautions on changes of general register settings 

Figure 10-39 shows six correct examples and one incorrect example. 
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Figure 10-39 Changing a General Register Setting by Buffer Transfer (Example 1) 


— Buffer transfer at transition from up-counting to down-counting 

If the general register value is in the range from GRA3 - T + 1 to GRA3, do not transfer a 
buffer register value outside this range. Conversely, if the general register value is outside 
this range, do not transfer a value within this range. See figure 10-40. 



Figure 10-40 Changing a General Register Setting by Buffer Transfer (Caution 1) 
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— Buffer transfer at transition from down-counting to up-counting 

If the general register value is in the range from H’OOOO to T - 1, do not transfer a buffer 
register value outside this range. Conversely, when a general register value is outside this 
range, do not transfer a value within this range. See figure 10-41. 



369 










— General register settings outside the counting range (HOOOO to GRAS) 

Waveforms with a duty cycle of 0 % or 100% can be ou4)ut by setting a general register to 
a value outside the counting range. When a buffer register is set to a value outside the 
counting range, then later restored to a value within the counting range, the counting 
direction (up or down) must be the same both times. See figure 10-42. 



Figure 10-42 Changing a General Register Setting by Buffer Transfer (Example 2) 


Settings can be made in this way by detecting GRAS compare match or TCNT4 
underflow before writing to the buffer register. They can also be made by using GRAS 
compare match to activate the DMAC. 
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10.4.7 Phase Counting Mode 


In phase counting mode the phase diffoence between two external clock inputs (at the TCLKA 
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly. 

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock 
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to 
TPSCO, CKEGl, and CKEGO in TCR2. Settings of bits CCLRl, CCLRO in TCR2, and settings in 
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare 
functions can be used, and interrupts can be generated. 

Phase counting is available only in channel 2. 


Sample Setup Procedure for Phase Counting Mode: Figure 10-43 shows a sample procedure 
for setting up phase counting mode. 



Figure 10-43 Setup Procedure for Phase Counting Mode (Example) 
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Example of Phase Counting Mode: Figure 10-44 shows an example of operations in phase 
counting mode. Table 10-9 lists the up-counting and down-counting conditions for TCNT2. 


In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. 
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overltg) 
must also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10-45. 



Table 10-9 Up/Down Counting Conditions 


Counting Direction 

Up-Counting 



Down-Counting 



TCLKB 

/ High 

1 

Low 

High \ 

Low 

i 

TCLKA 

Low J 

High 

1 

^ Low 


High 


TCLKA 

Phase 

difference 


Phase 

difference 


Pulse width 

Pulse width 










i 

TCLKB 











Phase difference and overlap: at least 1.5 states 

Overlap 

Overlap 

Pulse width: at least 2.5 states 


Figure 10-45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode 
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10.4^ Buffering 

Buffering operates differently depending on whether a general register is an output compare 
register or an input capture register, with further differences in reset-synchronized PWM mode 
and complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering 
operations under the conditions mentioned above are described next. 

• General register used for output compare 

The buffer register value is transferred to the general register at compare match. See 
figure 10-46. 



• General register used for input capture 

The TCNT value is transferred to the general register at input capture. The previous general 
register value is transferred to the buffer register. 

See figure 10-47. 



Figure 10-47 Input Capture Buffering 
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Complementary PWM mode 


The buffer register value is transferred to the general register when TCNT3 and TCNT4 
change counting direction. This occurs at the following two times: 

— When TCNT3 matches GRAS 

— When TCNT4 underflows 

• Reset-synchronized PWM mode 

The buffer register value is transferred to the general register at compare match AS. 
Sample Buffering Setup Procedure: Figure 1048 shows a sample buffering setup procedure. 



Figure 10-48 Buffering Setup Procedure (Example) 
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Examples of Buffering: Figure 10-49 shows an example in which GRA is set to function as an 
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by 
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B. 
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA value is 
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs. 
Figure 10-50 shows the transfer timing. 



Figure 10-49 Register Buffering (Example 1: Buffering of Output Compare Register) 
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Figure 10-51 shows an example in which GRA is set to function as an input capture register 
buffered by BRA. and TCNT is cleared by input capture B. The falling edge is selected as the 
input capture edge at T1<X!B. Both edges are selected as input capture edges at TIOCA. Because 
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous 
GRA value is simultaneously transferred to BRA. Figure 10-52 shows the transfer timing. 
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Figure 10-53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM 
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform 
with 0% duty cycle. The BRB3 value is transferred to GRB3 when TCNT3 matches GRA3, and 
when TCNT4 underflows. 



Figure 10-53 Register Buffering (Example 4: Buffering in Complementary PWM Mode) 
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10.45 ITU Output Timing 

The ITU outputs from channels 3 and 4 can be disabled by bit settings in TOER ot by an external 
trigger, or inverted by bit settings in TOCR. 

Timing of Enabling and Disabling of ITU Output by TOER: In this example an ITU output is 
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by 
appropriate settings of the data register (DR) and data direction register (DDR) of the 
corresponding input/ouqrut port Figure 10-54 illustrates the timing of the enabling and disabling 
of nXJ output by TOER. 


Ti T2 Ta 

-H-- -H-— 


0 J 


Address ^ TOER address 




TOER X 



' 

1 

ITU output pin Timer output 

^ I/O port 

ITU output -► 

^— Generic input/output 


Figure 10-54 Timing of Disabling of ITU Output by Writing to TOER (Example) 
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Timing of Disabling of ITU Output by External Trigger: If the XTGD bit is cleared to 0 in 
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture 
A signal occurs in channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU 
output Figure 10-55 shows the timing. 



Figure 10-55 Timing of Disabling of ITU Output by External Trigger (Example) 

Timing of Output Inversion by TOCR: The output levels in reset-synchronized PWM mode and 
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and 
OLS3) in TOCR. Figure 10-56 shows the timing. 



T 

1 

T 

2 

T 

3 


0 








L 

Address 

TOCR address 


xz 

TOCR 





x: 

V 



ITU output pin 







kz 







Inverted 



Figure 10-56 Timing of Inverting of ITU Output Level by Writing to TOCR (Example) 
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10.5 Interrupts 

The ITU has two types of intOTupts: input captuie/compare match intmupts, and overflow 
interrupts. 

10.5.1 Setting of Status Flags 

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are set to 1 by a 
compare match signal generated when TCNT matches a general registo' (GR). The compare 
match signal is generated in the last state in which the values match (when TCNT is updated from 
the matching count to the next count). Th^efcve, when TCNT matches a general register, the 
compare match signal is not generated until the next timer clock input Figure 10-57 shows the 
timing of the setting of IMFA and IMFB. 


^ jLjn_jn_jL_n 

TCNT input - 1 

clock 

TCNT N )( N-t-1 

GR N 

Compare I 

match signal _ I _ 

IMF _ 

IMI _ 

Figure 10-57 Timing of Setting of IMFA and IMFB by Compare Match 
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an 
input capture signal. The TCNT contents are simultaneously transferred to the corresponding 
general register. Figure 10-58 shows the timing. 


0 

Input capture 

signal _ _ 

IMF 

TCNT N 

GR )( N 

IMI 

Figure 10-58 Timing of Setting of IMFA and IMFB by Input Capture 

Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when TCNT overflows from 
H'FFFF to H’OOOO or underflows from H’OOOO to H’FFFF. Figure 10-59 shows the timing. 


383 







Figure 10-59 Timing of Setting of OVF 


10 J.2 Clearing of Status Flags 

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is 
cleared. Figure 10-60 shows the timing. 
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1033 Interrupt Sources and DMA Controller Activation 

Each ITU channel can generate a compare match^nput capture A interrupt, a compare match/input 
capture B interrupt, and an overflow interrupt. In total there are IS interrupt sources, all 
independently vectored. An interrupt is requested when the interrupt request Hag and interrupt 
enable bit are both set to 1. 

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA 
and IPRB). For details see section 5, Interrupt ConUroller. 

Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller 
(DMAQ. When the DMAC is activated a CPU interrupt is not requested. 


Table 10-10 lists the interrupt sources. 
Table 10-10 ITU Interrupt Sources 


Interrupt 

Channel Source 

Description 

DMAC 

Activatable 

Priorrty* 

0 

IMIAO 

Compare match/input capture AO 

Yes 

High 


IMIBO 

Compare match/input capture BO 

No 




OVIO 

Overflow 0 

No 



1 

IMIA1 

Compare match/input capture A1 

Yes 




IMIB1 

Compare match/input capture B1 

No 




OVI1 

Overflow 1 

No 



2 

IMIA2 

Compare match/input capture A2 

Yes 




IMIB2 

Compare match/input capture B2 

No 




OVI2 

Overflow 2 

No 



3 

IMiA3 

Compare match/input capture A3 

Yes 




IMIB3 

Compare match/input capture B3 

No 




OVI3 

Overflow 3 

No 



4 

IMIA4 

Compare match/input capture A4 

No 




IMIB4 

Compare match/input capture B4 

No 




OVI4 

Overflow 4 

No 

Low 

Note: 

*The priority immediately after a reset is indicated. Inter-channel priorities can be changed 
by settings in IPRA and IPRB. 
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10.6 Usage Notes 


This section describes contention and other matto^ requiring special attention during ITU 
operations. 

Contention between TCNT Write and Clear: If a counter clear signal occurs in the T 3 state of a 
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See 
figure 10-61. 


TCNT write cycle 
^1 "^3 


0 


Address ^ TCNT address 



Internal write signal 



Counter clear signal 






TCNT N )( 

r 

H’OOOO 


Figure 10-61 Contention between TCNT Write and Clear 
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Contention between TCNT Word Write and Increment: If an increment pulse occurs in the T 3 
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See 
figure 10-62. 



Figure 10-62 Contention between TCNT Word Write and Increment 
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Contention between TCNT Byte Write and Increment: If an increment pulse occurs in the T 2 
or T 3 state of a TCNT byte write cycle, writing takes friority and TCNT is not incremented. The 
TCNT byte that was not written retains its previous value. See figure 10-63, which shows an 
increment pulse occurring in the T 2 state of a byte write to TCNTH. 


TCNTH byte write cycle 
Ti T, T, 



TCNT input clock 


TCNTH 

N 


^ M 



/ 

TCNT write data 


TCNTL 

X 


X 


Figure 10-63 Contention between TCNT Byte Write and Increment 
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Contention between General Register Write and Compare Match: If a compare match occurs 
in the T 3 state of a general register write cycle, writing takes pricxity and the compare match 
signal is inhibited. See figure 10'64. 



GR 

Compare match signal 



General register write data 



Figure 10-64 Contention between General Register Write and Compare Match 
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Contention between TCNT Write and Overflow or Underflow: If an overflow occurs in the T 3 
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is 
set to l.The same holds for underflow. See figure 10-65. 


TCNT write cycle 
Ti T, T, 



Overflow signal 




Figure 10-65 Contention between TCNT Write and Overflow 
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Contention between General Register Read and Input Capture: If an input capture signal 
occurs during the T 3 state of a general regist^ read cycle, the value before input capture is read. 
See figure 10-66. 



Figure 10-66 Contention between General Register Read and Input Capture 
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input 
c^tuie signal and counter increment signal occur simultaneously, the counter is cleared according 
to the input capture signal. The counter is not incremented by the increment signal. The value 
befwe the counter is cleared is transferred to the goiml register. See figure 10-67. 



Figure 10-67 Contention between Counter Clearing by Input Capture and 

Counter Increment 
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Figure 10-68 Contention between General Register Write and Input Capture 


Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is 
cleared in the last state at which the TCNT value matches the general register value, at the time 
when this value would normally be updated to the next count The actual counter frequency is 
therefore given by the following formula: 

f=—^— 

(N+l) 

(f: counter frequency. 0: system clock frequency. N: value set in general register.) 
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Contention between Buffer Register Write and Input Capture: If a buffer register is used for 
input capture buffering and an input ctqiture signal occurs in the T 3 state of a write cycle, input 
capture takes priority and the write to the buffer register is not performed. 

See figure 10-69. 



Figure 10-69 Contention between Buffer Register Write and Input Capture 
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by 
byte write access, all 16 bits of all synchronized counters assume the same value as the counter 
that was addressed. 

(Example) When channels 2 and 3 are synchronized 
• Byte write to channel 2 or byte write to channel 3 


TCNT2 
TCNT3 

Upper byte Lower byte 


w 

X 


Y 

z 


Write A to upper byte 
of channel 2 


Write A to lower byte 
of channel 3 


TCNT2 
TCNT3 

Upper byte Lower byte 

TCNT2 
TCNT3 




Upper byte Lower byte 


• Word write to channel 2 or word write to channel 3 


TCNT2 
TCNT3 

Upper byte Lower byte 


w 

X 


Y 

z 


Write AB word to 
channel 2 or 3 


TCNT2 
TCNT3 

Upper byte Lower byte 


A 

B 


A 

B 


Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode: When 
setting bits CMDl and CMDO in TFCR, take the following precautions: 

• Write to bits CMDl and CMDO only when TCNT3 and TCNT4 are stopped. 

• Do not switch directly between reset-synchronized PWM mode and complementary PWM 
mode. First switch to normal mode (by clearing bit CMDl to 0), then select reset- 
synchronized PWM mode or complementary PWM mode. 
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ITU Operating Modes 

Table 10-11 (a) ITU Operating Modes (Channel 0) 


Register Settings 


TSNC TMDR TFCR TOCR TOER TIORO TCRO 


Operating Mode 

Synchro¬ 

nization 

MDF 

FDIR 

PWM 

Comple¬ 

mentary 

PWM 

Reset- 

Synchro¬ 

nized 

PWM 

Buffer¬ 

ing 

XTGD 

Output 

Level 

Select 

Master 

Enable 

lOA 

lOB 

Clear 

Select 

Clock 

Select 

Synchronous preset 

SYNCO -1 

— 

•— 

O 

— 

— 

— 

— 

— 

— 

O 

O 

O 

O 

PWM mode 

O 

— 

— 

PWMO-1 

— 

— 

— 

— 

— 

— 

— 

o 

O 

o 

Output compare A 

O 

- 


PWMO.O 







IOA2»0 
Other bits 
unrestricted 

o 

o 

o 

Output compare B 

O 

■ 

■ 

o 







O 

IOB2.0 
Other bits 
unrestricted 

o 

o 

input capture A 

O 

" 

" 

PWMO-0 

■ 



■ 



iOA2 »1 
Other bits 
unrestricted 

O 

o 

o 

input capture B 

o 



PWMO.O 


■ 

■ 

■ 


■ 

O 

IOB2-1 
Other bits 
unrestricted 

o 

o 

Counter By compare 
dealing match/input 
capture A 

o 



O 

■ 





■ 

O 

O 

CCLR1 - 0 
CCLRO-1 

o 

By compare 
match/input 
capture B 

o 


■ 

O 







O 

O 

CCLR1 -1 
CCLRO- 0 

o 

Syn¬ 

chronous 

dear 

SYNCO -1 

■ 


O 







0 

O 

CCLR1 -1 
CCLRO-1 

o 


Legend: O Setting available (valid). — Setting does not affect this mode. 

Note: * The input capture function cannot be used in PWM mode, if compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
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Table 10-11 (b) ITU Operating Modes (Channel 1) 

_RegistT Settings 



TSNC 


TMDR 



TFCR 

TOCR 

TOER 

TiORl 

TORI 

Operating Mode 

Synchro¬ 

nization 

MDF 

FDIR 

PWM 


Compie- 

mentary 

PWM 

Reset- 

Synchro¬ 

nized 

PWM 

Buffer¬ 
ing XTGD 

Output 

Uvei 

Seiect 

Master 

Enabie 

iOA 

iOB 

Ciear 

Seiect 

Clock 

Select 

Synchronous preset 

SYNC1 « 1 

— 

— 

O 


— 

— 

— — 

— 

— 

O 

O 

O 

O 

PWM mode 

O 

— 

— 

PWMI 

« 1 

— 

— 

— — 

— 

— 

— 


O 

O 

Output compare A 

O 


" 

PWM1 

>0 

" 

" 


“ 


iOA2-0 
Other bits 
unrestricted 

o 

0 

o 

Output compare B 

O 



O 



■ 

■ " 

■ 

■ 

O 

iOB2-0 
Other bits 
unrestricted 

o 

o 

Input capture A 

O 


— 

PWMI 

-0 



- 0*2 



iOA2 -1 
Other bits 
unrestricted 

O 

o 

o 

input capture B 

O 

— 

— 

PWMI 

mO 

— 


___ 


““ 

O 

iOB2-1 
Other bits 
unrestricted 

o 

o 

Counter By compare 
clearing match/input 
capture A 

O 



O 







O 

O 

CCLR1 -0 
CCLRO-1 

o 

By compare 
match/input 
capture B 

O 



O 


—— 





O 

O 

CCLR1 -1 
CCLRO- 0 

o 

Syn¬ 

chronous 

dear 

SYNC1 = 1 

— 

— 

O 




— — 



O 

O 

CCLRI - 1 
CCLRO- 1 

o 


Legend: O Setting available (valid). — Setting does not affect this mode. 

Notes: 1. The input capture function cannot be used in PWM mode, if compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
2. Valid only when channels 3 and 4 are operating in complementary PWM mode or reset-synchronized PWM mode. 
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Table 10-11 (c) ITU Operating Modes (Channel 2) 


Register Settings 


TSNC 

TMOR 

TFCR 

tcx:r 

TOER 

TIOR2 

TCR2 


Operating Mode 

Synchro¬ 

nization 

MDF 

FDiR 

PWM 

Comple¬ 

mentary 

PWM 

Reset- 

Synchro¬ 

nized 

PWM 

Buffer¬ 

ing 

XTGD 

Output 

Uvel 

Select 

Master 

Enable 

lOA 

lOB 

Clear 

Select 

Clock 

Select 

Synchronous preset 

SYNC2-1 

O 

— 

O 

— 

— 

— 

— 

— 

— 

O 

O 

O 

O 

PWM mode 

O 

O 

— 

PWM2 »1 

— 


— 

— 

— 

— 

— 

o* 

O 

O 

Output compare A 

O 

o 

■ 

PWM2 » 0 


" 



■ 


iOA2 - 0 
Other bits 
unrestricted 

o 

o 

o 

Output compare B 

O 

o 

■ 

O 






■ 

O 

IOB2.0 
Other bits 
unrestricted 

0 

o 

Input capture A 

O 


■ 

PWM2«0 

■ 

■ 




" 

IOA2..1 
Other bits 
unrestricted 

O 

o 

o 

input capture B 

O 

■ 

" 

PWM2-0 

" 

" 

■ 

■ 

" 


O 

iOB2-1 
Other bits 
unrestricted 

o 

o 

Counter By compare 
clearing match/input 
capture A 

O 

o 

" 

O 

■ 

" 

■ 



" 

O 

O 

CCLR1 « 0 
CCLRO-1 

o 

By compare 
match/input 
capture B 

O 

o 


O 

—— 






O 

O 

CCLR1 -1 
CCLRO-0 

o 

Syn¬ 

chronous 

dear 

SYNC2.1 

o 


O 


■ 


■ 

“ 

■ 

O 

O 

CCLR1 - 1 
CCLRO-1 

o 

Phase counting 
mode 

0 

MDF-1 

O 

O 

— 

— 

— 

— 

— 

— 

O 

O 

O 

— 


Legend: O Setting available (valid). — Setting does not affect this mode. 

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
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Table 10-11 (d) ITU Operating Modes (Channel 3) 


Rogister SMtlngt 


TSNC 

TMOR 

TFCR 

TOCR 

TOER 

TIOR3 

TCR3 


Operating Mode 

Synchro¬ 

nization 

MDF 

FDIR 

PWM 

Comple¬ 

mentary 

PWM 

Reset- 
Synchro¬ 
nized PWM BuHering 

XTGD 

Output 

Uvel 

Select 

Master 

Enable 

lOA 

iOB 

CiMr 

S«lMt 

Clock 

Select 

Synchronous preset 

SYNC3.1 

— 

— 

O 

0*3 

O 

O 

— 


o*t 

O 

o 

o 

O 

PWM mode 

O 

— 

— 

PWM3-1 

CMD1.0 

CM01 «0 

O 

— 

— 

o 

— 

0*2 

o 

O 

Output compare A 

O 

■ 

" 

PWM3.0 

CMD1 -0 

CMD1-0 

O 



0 

iOA2«0 
Other bits 
unrestricted 

o 

o 

o 

Output compare B 

O 


" 

O 

CMDl-O 

CM01-0 

O 



o 

O 

IOB2«0 
Other bits 
unrestricted 

o 

o 

Input capture A 

O 


" 

PWM3.0 

CM01»0 

CMD1-0 

O 


" 

EA3 ignored iOA2«1 
Other bits Other bits 
unrestricted unrestricted 

O 

o 

o 

Input capture B 

O 

- 


PWM3.0 

CM01.0 

CMD1 .0 

O 

—— 


EB3 ignored O 

Other bits 
unrestricted 

I0A2.1 
Other bits 
unrestricted 

o 

o 

Counter By compare 
deanng match/input 
capture A 

O 



O 

illegal setting: O** 

CM01 -1 

CMDO.O 

O 

““ 


0*1 

O 

O 

CCLR1 .0 
ccmo -1 

o 

By compare 
match/input 
capture B 

O 


■ 

O 

CMD1 »0 

CMD1 »0 

O 

" 

■ 

0*1 

O 

O 

CCLR1 -1 

ccmo -0 

o 

Syn¬ 

chronous 

dear 

SYNC3*1 


■ 

O 

illegal setting: O 

CMD1 «1 

CMO0»0 

o 



0*1 

O 

O 

CCLR1.1 

CCLR0.1 

o 

Complementary 

PWM mode 

0*3 

— 

— 

— 

CMDI -1 
CMD0»0 

CMDI «1 
CMOO.O 

o 

0*6 

O 

O 

— 


CCLR1.0 

CCLR0-.0 

0*5 

Reset-synchronized 
PWM mode 

O 

— 

— 

— 

CMD1 .1 
CMDO-1 

CMD1 .1 
CM00.1 

o 

0*6 

O 

O 

— 

— 

CCLftI .0 
CCLRO-1 

o 

Buffering 

(BRA) 

O 



o 

O 

O 

BFA3-1 
Other bits 
unrestricted 

" 

■ 

0*1 

O 

O 

O 

o 

Buffenng 

(BRB) 

O 

■ 

" 

o 

O 

O 

BFB3.1 
Other bits 
unrestricted 

■ 

" 

0*1 

o 

o 

O 

o 


Legend: O Setting available (valid). — Setting does not affect this mode. 

Notes: 1. Master enable bit settings are valid only during waveform output. 

2. The input capture function cannot be used in PWM mode, if compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 

3. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected. 

4. The counter cannot be cleared by input capture A when reset-synchronized PWM mode is selected. 

5. In complementary PWM mode, select the same clock source for channels 3 and 4. 

6. Use the input capture A function in channel 1. 
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Table 10-11 (e) ITU Operating Modes (Channel 4) 


Ragistf Settings 


TSNC 

TMDR 

TFCR 

TOCR 

TOER 

T10R4 

TCR4 


Operating Mode 

Synchro- 

nteation 

MOP 

FDIR 

PWM 

Comple¬ 

mentary 

PWM 

Reset- 

Synchro- 

nlzedPWM BuHering 

XTGD 

Output 

Uvel 

Select 

Master 

Enable 

lOA 

lOB 

Clear 

Select 

Clock 

Select 

Synchronous preset 

SYNC4-1 

— 

— 

O 

0*3 

0 

o 

— 

— 


0 

o 

O 

O 

PWM mode 

O 

— 

— 

PWM4 »1 

CMD1=0 

CMD1 .0 

o 


— 

O 

— 

0*2 

O 

O 

Output compare A 

O 



PWM4-0 

CMD1.0 

CM01 .0 

o 

" 

" 

o 

IOA2-0 
Other bits 
unrestricted 

o 

o 

o 

Output compare B 

O 


" 

O 

CMDI^O 

CMD1 .0 

o 

" 

" 

o 

O 

iOB2.0 
Other bits 
unrestricted 

o 

o 

Input capture A 

O 



PWM4.0 

CM01>0 

CMD1 .0 

o 



EA4 ignored 
Other bits 
unrestricted 

iOA2.1 
Other bits 
unrestricted 

O 

o 

o 

Input capture B 

O 


■ 

PWM4.0 

CM01-0 

CMD1.0 

o 

■ 

■ 

EB4 ignored O 

Other bits 
unrestricted 

iOB2.1 
Other bits 
unrestricted 

o 

o 

Counter By compare 
clearing matchyinput 
capture A 

O 


" 

O 

Illegal setting: Cr* 

CMD1 -1 

CMD0»0 

o 

■ 


O*' 

O 

O 

CCLR1.0 

CCLR0.1 

o 

By compare 
match/input 
capture B 

O 

■ 

■ 

O 

Illegal setting: 

CM01 «1 

CMDO.O 

o 

■ 

■ 

0*1 

O 

O 

CCLR1.1 

CCLRO.O 

o 

Syn¬ 

chronous 

dear 

SYNC4-1 

" 

" 

O 

Illegal setting: CT* 

CMDI . 1 

CMDO.O 

o 



0*1 

O 

O 

CCLR1 .1 
CCLR0.1 

o 

Complementary 

PWM mode 

0*3 

— 

— 

— 

CMDI -1 
CMDO.O 

CMD1.1 

CMDO.O 

o 

O 

O 

O 

— 

— 

CCLR1.0 

CCLRO.O 

0*5 

Reset-synchronized 
PWM mode 

O 

— 

— 

— 

CMD1 »1 
CMD0.1 

CMD1 «1 
CMDO . 1 

o 

O 

O 

O 

— 

— 

0*3 

0*6 

Buffering 

(BRA) 

o 

" 

■ 

o 

0 

O 

BFA4.1 
Other bits 
unrestricted 



0*1 

O 

O 

O 

o 

Buffering 

(BRB) 

o 

■ 


o 

0 

o 

BFB4.1 
Other bits 
unrestricted 



0*1 

o 

o 

O 

o 


Legend: O Setting available (valid). — Setting does not affect this mode. 

Notes: 1. Master enable bit settings are valid only during waveform output. 

2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 

3. Do not set bodi channels 3 and 4 for synchronous deration when complementary PWM mode is selected. 

4. When reset'synchronized PWM mode is selected, TCNT4 operates independently and the counter clearing function is available. Waveform output is not affected. 

5. In complementary PWM mode, select the same clock source for channels 3 and 4. 

6. TCR4 settings are valid in reset-synchronized PWM mode, butTCNT4 operates independently, without affecting waveform output. 








Section 11 Programmable Timing Pattern Controller 

11.1 Overview 

The H8/3042 Series has a built-in programmable timing pattern controller (TPQ that jx'ovides 
pulse outputs by using the 16-bit integrated timer unit (ITU) as a time base. The TPC pulse 
ouq)uts are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and 
indqrendently. 

11.1.1 Features 

TPC features are listed below. 

• 16-bit output data 

Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 

• Four output groups 

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit 
outputs. 

• Selectable output trigger signals 

Output trigger signals can be selected for each group from the compare-match signals of four 
ITU channels. 

• Non-overlap mode 

A non-overlap margin can be provided between pulse outputs. 

• Can operate together with the DMA cono'oller (DMAC) 

The compare-match signals selected as trigger signals can activate the DMAC for sequential 
output of data without CPU intervention. 


11.12 Block Diagram 

Figure 11-1 shows a block diagram of the TPC. 



Legend 

TPMR: TPC output mode register 
TPCR: TPC output control register 
NDERB: Next data enable register B 
NDERA: Next data enable register A 
PBDDR: Port B data direction register 
PADDR: Port A data direction register 
NDRB: Next data register B 
NORA: Next data register A 
PBDR: Port B data register 
PADR: Port A data register 


Figure 11-1 TPC Block Diagram 
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11.1 J TPC Pins 


Table 11-1 summarizes the TPC ouq)ut pins. 
Table 11-1 TPC Pins 


Name 

Symbol 

I/O 

Function 

TPC output 0 

TPo 

Output 

Group 0 pulse output 

TPC output 1 

TPi 

Output 


TPC output 2 

TPz 

Output 


TPC output 3 

TPa 

Output 


TPC output 4 

TP 4 

Output 

Group 1 pulse output 

TPC output 5 

TPs 

Output 


TPC output 6 

TPs 

Output 


TPC output 7 

TP 7 

Output 


TPC output 8 

TPs 

Output 

Group 2 pulse output 

TPC output 9 

TP 9 

Output 


TPC output 10 

TP 10 

Output 


TPC output 11 

TP 11 

Output 


TPC output 12 

TP 12 

Output 

Group 3 pulse output 

TPC output 13 

TPi3 

Output 


TPC output 14 

TPi4 

Output 


TPC output 15 

TP ,5 

Output 
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11.1.4 Registers 

Table 11-2 summarizes the TPC registers. 


Table 11-2 TPC Registers 


Address*'^ 

Name 

Abbreviation 

R/W 

Initial Value 

H’FFDI 

Port A data direction register 

PADDR 

W 

H'OO 

H'FFD3 

Port A data register 

PADR 

R/(W)*2 

H’OO 

H'FFD4 

Port B data direction register 

PBDDR 

W 

H’OO 

HTFD6 

Port B data register 

PBDR 

R/(W)*2 

H’OO 

H’FFAO 

TPC output mode register 

TPMR 

RAV 

H’FO 

H'FFAI 

TPC output control register 

TPCR 

RAV 

H’FF 

H’FFA2 

Next data enable register B 

NDERB 

RAV 

H*00 

H'FFA3 

Next data enable register A 

NDERA 

RAW 

H’OO 

H'FFAS/ 

H’FFA7*3 

Next data register A 

NDRA 

RAW 

H'OO 

H’FFA4 

H’FFA6*3 

Next data register B 

NDRB 

R/W 

H’OO 


Notes: 1. Lower 16 bits of the address. 

2. Bits used for TPC output cannot be written. 

3. The NORA address is H’FFAS when the same output trigger is selected for TPC output 
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NORA 
address is H’FFA7 for group 0 and H*FFA5 for group 1. Similarly, the address of NDRB 
Is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by 
settings in TPCR. When the output triggers are different, the NDRB address is H’FFAS 
for group 2 and H’FFA4 for group 3. 
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11.2 Register Descriptions 

11.2.1 Port A Data Direction Register (PADDR) 

PADDR is an 8 -bit write-only register that selects input or output for each pin in port A. 


7 

6 

5 

4 

3 

2 

1 

0 

PA7DDR 

PAsDDR 

PAjDDR 

PA4DDR 

PA3DDR 

PA2DDR 

PAiDDR 

PAqDDR 


Initial value 0 0 0 0 0 0 0 0 

Read/Wrrte W W W W W W W W 


Port A data direction 7 to 0 
These bits select input or 
output for port A pins 


Port A is multiplexed with pins TP 7 to TPq. Bits corresponding to pins used fw TPC output must 
be set to 1. For further information about PADDR, see section 9.11, Port A. 

11.2.2 Port A Data Register (PADR) 

PADR is an 8 -bit readable/writable register that stores TPC ouQ^ut data for groups 0 and 1, when 
these TPC output groups are used. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PA7 

PAs 

PAs 

< 

Q. 

PAa 

PAz 

PAi 

PAo 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/(W)* 

R/(W)f* 

R/(W)* 

R/(W)* 

R/(W)» 

R/(W)* 

R/(W)* 

R/(W)* 


Port A data 7 to 0 

These bits store output data 
for TPC output groups 0 and 1 

Note: * Bits selected for TPC output by NDERA settings become read-only bits. 


For further information about PADR, see section 9.11, Port A. 
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11.2 J Port B Data Direction Register (PBDDR) 

PBDDR is an 8 -bit write-only register that selects input or output for each pin in port B. 

Bit 76543210 


PB7DDR 

PBeDDR 

PBsDDR 

PB4DDR 

PB3DDR 

PB2DDR 

PBi DDR 

PBqDDR 


Initial value 0 0000000 

Read/Write WWWWWWWW 


Port B data direction 7 to 0 
These bits select input or 
output for port B pins 


Port B is multiplexed with pins TP 15 to TPg. Bits corresponding to pins used for TPC output must 
be set to 1. For further information about PBDDR, see section 9.12, Port B. 

11.2.4 Port B Data Register (PBDR) 

PBDR is an 8 -bit readable/writable register that stores TPC output data for groups 2 and 3, when 
these TPC output groups are used. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PB7 

PBe 

PBs 

PB4 

PB3 

PB2 

PBi 

PBo 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/(W)* 

R/(Wr 

R/(W)* 

R/{wr 

R/(wr 

R/(W)* 

R/(Wy* 

R/(W)* 


Port B data 7 to 0 

These bits store output data 
for TPC output groups 2 and 3 


Note: * Bits selected for TPC output by NDERB settings become read-only bits. 


For further information about PBDR, see section 9.12, Port B. 
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11.25 Next Data Register A (NDRA) 

NDRA is an 8 -bit readable/writable register that stores the next output data for TPC ouq)ut groups 
1 and 0 (pins TP 7 to TPq). During TPC output, when an ITU compare match event specified in 
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of 
NDRA differs dq>ending on whether TPC output groups 0 and 1 have the same output trigger or 
different output triggers. 

NDRA is initialized to H'(X) by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Same IVigger for TPC Output Groups 0 and 1: If TPC output groups 0 and I are triggered by 
the same compare match event, the NDRA address b ITFFAS. The upper 4 bits belong to group 1 
and the lower 4 bits to group 0. Address HTFA? consists entirely of reserved bits that cannot be 
modified and always read I. 

Address ITFFAS 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR7 

NDR6 

NDR5 

NDR4 

NDR3 

NDR2 

NDR1 

NDRO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAV 

RAV 

RAV 

R/W 

RA/ 

RAV 

R/W 

RM 


Next data 7 to 4 Next data 3 to 0 

These bits store the next output These bits store the next output 

data for TPC output group 1 data for TPC output group 0 


Address ITFFA? 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

— 

— 

— 

initial value 

1 

1 

1 

1 

1 

1 

1 

1 

ReadA/Vrite 

— 

— 

— 

— 

— 

— 

— 

— 


Reserved bits 
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Different Triggers for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered 
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H*FFA5 
and the address of the lower 4 bits (group 0) is HTFAT. Bits 3 to 0 of address H*FFA5 and bits 7 
to 4 of address HTTA? are reserved bits that cannot be modified and always read 1. 

Address HTTA5 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR7 

NDR6 

NDR5 

NDR4 

— 

— 

— 

— 

Initial value 

0 

0 

0 

0 

1 

1 

1 

1 

Read/Write 

R/W 

RW 

RAW 

RAW 

— 

— 

— 

— 



Next data 7 to 4 


Reserved bits 




These bits store the next output 






data for TPC output group 1 




Address HTFA? 








Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 


— 


NDR3 

NDR2 

NDR1 

NDRO 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

R/W 

RAW 

RAW 

RAW 


Reserved bits Next data 3 to 0 

These bits store the next output 
data for TPC output group 0 
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11.2.6 Next Data Register B (NDRB) 

NDRB is an 8 -bit readable/writable register that stores the next output data for TPC output groups 
3 and 2 (pins TP 15 to TPg). During TPC output, when an ITU compare match event specified in 
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of 
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or 
different output triggers. 

NDRB is initialized to If 00 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Same TVigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by 
the same compare match event, the NDRB address is H'FFA4. The upper 4 bits belong to group 3 
and the lower 4 bits to group 2. Address ITFFAb consists entirely of reserved bits that cannot be 
modified and always read 1 . 

Address H*FFA4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR15 

NDR14 

NDR13 

NDR12 

NDR11 

NDR10 

NDR9 

N0R8 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

R/W 

RAV 

R/W 

R/W 

rw/ 


Next data 15 to 12 


Next data 11 to 8 



These bits store the next output 

These bits store the next output 


data for TPC output group 3 

data for TPC output group 2 

Address H'FFA 6 








Bit 

7 

6 

5 

4 

3 

2 

1 

0 


—- 

— 


— 

— 

— 

— 

— 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

— 

— 

— 

— 

— 

— 

— 

— 


Reserved bits 
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Different Triggers for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered 
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFA4 
and the address of the lower 4 bits (group 2) is HTFAb. Bits 3 to 0 of address H*FFA4 and bits 7 
to 4 of address HTTA6 are reserved bits that cannot be modified and always read 1. 

Address HTFA4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR15 

NDR14 

NDR13 

NOR12 

— 

— 

— 

— 

initial value 

0 

0 

0 

0 

1 

1 

1 

1 

Read/Write 

R/W 

RAW 

RAW 

RAW 

— 

— 

— 

— 



1 

Next data 15 to 12 

These bits store the next output 
data for TPC output group 3 

Reserved bits 


Address trFFA6 








Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

_ 

NDR11 

NDR10 

NDR9 

NDR8 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

RAW 

RAW 

RAW 

RAW 


Reserved bits Next data 11 to 8 

These bits store the next output 
data for TPC output group 2 
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11.2.7 Next Data Enable Register A G^DERA) 

NDERA is an 8 -bit readable/writable register that enables or disables TPC output groups 1 and 0 
(TP 7 to TPo) on a bit-by-bit basis. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDER7 

NDER 6 

NDER5 

NDER4 

NDER3 

NDER 2 

NDER 1 

NDERO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

RAN 

RAN 

RAN 

RAN 

RAN 

RAN 


Next data enable 7 to 0 

These bits enable or disable 
TPC output groups 1 and 0 


If a bit is enabled for TTC output by NDERA, then when the ITU compare match event selected 
in the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to 
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRA to PADR and the output value does not change. 

NDERA is initialized to H’OO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 0—^Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC 
output groups I and 0 (TP 7 to TPq) on a bit-by-bit basis. 

Bits 7 to 0 


NDER7 to NDERO 

Description 


0 

TPC outputs TPy to TPq are disabled 

(NDR7 to NDRO are not transferred to PA 7 to PAq) 

(Initial value) 

1 

TPC outputs TPy to TPo are enabled 
(NDR7 to NDRO are transferred to PAy to PAq) 
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11.2.8 Next Data Enable Register B (NDERB) 

NDERB is an 8 -bit readable/writable register that enables or disables TPC output groups 3 and 2 
(TPi 5 to TPg) on a bit-by-bit basis. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDER15 

NDER14 

NDER13 

NOER 12 

NDER 11 

NDER 10 

NDER9 

NDER 8 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

ReadA/Vrite 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 


Next data enable 15 to 8 

These bits enable or disable 
TPC output groups 3 and 2 


If a bit is enabled for TPC output by NDERB, then when the ITU compare match event selected in 
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to 
the corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRB to PBDR and the output value does not change. 

NDERB is initialized to H’OO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 0—^Next Data Enable 15 to 8 (NDER15 to NDER 8 ): These bits enable or disable TPC 
ouq>ut groups 3 and 2 (TP 15 to TPg) on a bit-by-bit basis. 

Bits 7 to 0 


NDER15toNDER8 

Description 


0 

TPC outputs TPi 5 to TPa are disabled 

(NDR15 to NDR 8 are not transferred to PBy to PBq) 

(initial value) 

1 

TPC outputs TPi 5 to TPg are enabled 
(NDR15 to NDR 8 are transferred to PB 7 to PBq) 
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11.2.9 TPC Output Control Register (TPCR) 


TPCR is an 8-bit readableAvritable register that selects output trigger signals for TPC outputs on a 
group-by-group basis. 


Bit 

Initial value 
Read/Write 


7 

6 

5 

4 

3 

2 

1 

0 

G3CMS1 

G3CMS0 

G2CMS1 

G2CMS0 

G1CMS1 

G1CMS0 

G0CMS1 

GOCMSO 

1 

1 

1 

1 

1 

1 

1 

1 

R/W 

R/W 

R/W 

RiW 

R/W 

RM 

fWI 

RM 


Group 3 compare 
match select 1 and 
These bits select 
the compare match 
event that triggers 
TPC output group 3 
(TP^s to TP| 2 ) 


Group 2 compare 
match select 1 and 
These bits select 
the compare match 
event that triggers 
TPC output group 2 
(TPii to TPa) 


Group 1 compare 
match select 1 and 0 
These bits select 
the compare match _ 
event that triggers Group 0 compare 
TPC output group 1 n^^atch select 1 and 0 
(TP? to TRd) These bits select 
the compare match 
event that triggers 
TPC output group 0 
(TPa toTPo) 


TPCR is initialized to HTF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMS0): These bits 
select the compare match event that triggers TPC ouq>ut group 3 (TPjs to TP 12 ). 


Bit 7 
G3CMS1 

Bite 

G3CMS0 

Description 

0 

0 

TPC output group 3 (TP^s to TP^ 2 ) ^ triggered by compare match in ITU 
channel 0 


1 

TPC output group 3 (JP^s ^ TP 12 ) is triggered by compare match in ITU 
channel 1 

1 

0 

TPC output group 3 fJP^s ^ TP 12 ) is triggered by compare match in ITU 
channel 2 


1 

TPC output group 3 (TP 15 to TP 12 ) is triggered by (Initial value) 

compare match in ITU channel 3 


Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMS0): These bits 
select the compare match event that triggers TPC output group 2 (TPi j to TPg). 


Bits 

G2CMS1 

Bit 4 
G2CMS0 

Description 

0 

0 

TPC output group 2 (TP^^ to TPg) is triggered by compare match in ITU 
channel 0 


1 

TPC output group 2 (TPn to TPs) is triggered by compare match in ITU 
channel 1 

1 

0 

TPC output group 2 (TP^^ to TPg) is triggered by compare match in ITU 
channel 2 


1 

TPC output group 2 (TP^ to TPs) is triggered by (Initiai value) 

compare match in ITU channel 3 
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Bits 3 and 2 —Group 1 Compare Match Sekct 1 and 0 (GlCMSl, GICMSO): These bits 
select the compare match event that triggers TPC output grotq) 1 (TP 7 to TP 4 ). 


Bits 

G 1 CMS 1 

Bits 

GICMSO 

Description 

0 

0 

TPC output group 1 (TPy to TP4) is triggered by compare match in ITU 
channel 0 


1 

TPC output group 1 (TP7 to TP4) is triggered by compare match in ITU 
channel 1 

1 

0 

TPC output group 1 (TP7 to TP4) is triggered by compare match in ITU 
channel 2 


1 

TPC output group 1 {TP7 to TP4) is triggered by (Initial value) 

compare match in ITU channel 3 

Bits 1 and 0 — Group 0 Compare Match Select 1 and 0 (GOCMSl, GOCMSO): These bits 
select the compare match event that triggers TPC output group 0 (TP 3 to TPq). 

Bit 1 

G0CMS1 

BitO 

GOCMSO 

Description 

0 

0 

TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU 
channel 0 


1 

TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU 
channel 1 

1 

0 

TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU 
channel 2 


1 

TPC output group 0 (TP3 to TPq) is triggered by (Initial value) 

compare match in ITU channel 3 
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112.10 TPC Output Mode Register (TPMR) 

TPMR is an 8-bit readable/writablc register that selects normal or non-overlapping TPC output for 
each group. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

G3NOV 

G2NOV 

G 1 NOV 

GONOV 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

RM 

RAW 

RAW 

RAW 


Reserved bits 


Group 3 non-overiap - 

Selects non-overlapping TPC 
output for group 3 (TP 15 to TP ^2 ) 

Group 2 non-overlap - 

Selects non-overlapping TPC 
output for group 2 (TP, ^ to TP 3 ) 

Group 1 non-overlap - 

Selects non-overlapping TPC 
output for group 1 (TPy to TP 4 ) 

Group 0 non-overlap -— 

Selects non-overlapping TPC 
output for group 0 (TP 3 to TPq ) 


The output trigger period of a non-overlapping TPC output waveform is set in general register B 
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general 
register A (GRA). The output values change at compare match A and B. For details see 
section 11.3.4, Non-Overlapping TPC Output. 

TPMR is initialized to H’FO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 4—Reserved: Read-only bits, always read as 1. 
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for 
group 3 (TPi 5 toTPi 2 ). 

Bits 

G3NOV Description 

0 Normal TPC output in group 3 (output values change at (initial value) 

compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at 

compare match A and B in the selected ITU channel) 

Bit 2—Group 2 Non-Overlap (G 2 NOV): Selects normal or non-overlapping TPC output for 
group 2 (TPII to TPg). 

Bit 2 

G2NOV Description 

0 Normal TPC output in group 2 (output values change at (Initial value) 

compare match A In the selected ITU channel) 

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at 

compare match A and B in the selected ITU channel) 

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for 
group 1 (TP 7 to TP 4 ). 

Biti 

G1NOV Description 

0 Normal TPC output in group 1 (output values change at (Initial value) 

compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at 

compare match A and B in the selected ITU channel) 

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC ou 4 >ut for 
group 0 (TP 3 to TPq). 

BitO 

GONOV Description 

0 Normal TPC output in group 0 (output values change at (Initial value) 

compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at 

compare match A and B in the selected ITU channel) 
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11.3 Operation 

113.1 Overview 

When corresponding bits in PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output 
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents. 
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit 
contents are transferred to PADR or PBDR to update the output values. 


Figure 11-2 illustrates the TPC output op^tion. Table 11-3 summarizes the TPC operating 
conditions. 



Figure 11-2 TPC Output Operation 


Table 11-3 TPC Operating Conditions 


NDER 

ODR 

Pin Function 

0 

0 

Generic Input port 


1 

Generic output port 

1 

0 

Generic input port (but the DR bit is a read-only bit, and when compare 
match occurs, the NDR bit value is transferred to the DR bit) 


1 

TPC pulse output 


Sequential output of up to 16-bit patterns is possible by writing new output data to NDRA and 
NDRB before the next compare match. For information on non-overlapping operation, see 
section 11.3.4, Non-Overlapping TPC Output. 
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113.2 Output Timing 

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output when 
the selected compare match event occurs. Figure 11-3 shows the timing of these operations for the 
case of normal output in groups 2 and 3, triggered by compare match A. 




Figure 11-3 Timing of Transfer of Next Data Register Contents and Output (Example) 
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11JJ Normal TPC Output 

Sample Setup Procedure for Normal TPC Output: Figure 11-4 shows a sample procedure for 
setting up normal TPC output. 


Normal TPC output 


ITU setup 


Port and J 
TPC setup I 


ITU setup 


Select GR functions 


Set GRA value 


Select counting operation 


Select interrupt request 


Set Initial output data 


Select port output 


Enable TPC output 


Select TPC output trigger 


Set next TPC output data 


Start counter 


1. Set TIOR to make GRA an output compare 
register (with output inhibited). 

2. Set the TPC output trigger period. 

3. Select the counter dock source with bits 
TPSC2 to TPSCO in TCR. Select the counter 
clear source with bits CCLR1 and CCLRO. 

4. Enable the IMFA interrupt in TIER. 

The DMAC can also be set up to transfer 
data to the next data register. 

5. Set the initial output values in the DR bits 
of the Input/output port pins to be used for 
TPC output. 

6. Set the DDR bits of the input/output port 
pins to be used for TPC output to 1. 

7. Set the NDER bits of the pins to be used for 
TPC output to 1. 

8. Select the ITU compare match event to be 
used as the TPC output trigger In TPCR. 

9. Set the next TPC output values in the NDR bits. 

10. Set the STR bit to 1 in TSTR to start the 
timer counter. 

11. At each IMFA interrupt, set the next output 
values in the NDR bits. 


Compare match? 


Set next TPC output data 


Figure 11-4 Setup Procedure for Normal TPC Output (Example) 
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11-5 shows 
an example in which the TPC is used for cyclic five-phase pulse output 



• The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare 
register and the counter will be cleared by compare match A. The trigger period is set in GRA. 

The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt 

• H'F8 is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMS0 are set In 
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger. 

Output data H'80 is written in NDRB. 

• The timer counter in this ITU channel is started. When compare match A occurs, the NDRB contents 
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine 
writes the next output data (H’CO) in NDRB. 

• Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing 
H’40, H*60, H'20, H‘30, HTO, H'18, H'08, H‘88... at successive IMFA interrupts. If the DMAC is set for 
activation by this interrupt, pulse output can be obtained without loading the CPU. 


Figure 11-5 Normal TPC Output Example (Five-Phase Pulse Output) 
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11 J.4 Non-Overlapping TPC Output 

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11-6 shows a sample 
procedure for setting up non-overlapping TPC output 


ITU setup < 


V. 


r 


Port and J 
TPC setup I 




ITU setup 



1. Set TIOR to make GRA and GRB output 
compare registers (with output inhibited). 

2. Set the TPC output trigger period in GRB 
and the non>overlap margin in GRA. 

3. Select the counter clock source with bits 
TPSC2 to TPSCO in TCR. Select the counter 
dear source with bits CCLR1 and CCLRO. 

4. Enable the IMFA Interrupt in TIER. 

The DMAC can also be set up to transfer 
data to the next data register. 

5. Set the initial output values in the DR bits 
of the Input/output port pins to be used for 
TPC output 

6 Set the DDR bits of the input/output port pins 
to be used for TPC output to 1. 

7. Set the NDER bits of the pins to be used for 
TPC output to 1. 

8. In TPCR, select the ITU compare match 
event to be used as the TPC output trigger. 

9. In TPMR, select the groups that will operate 
In non-overlap mode. 

10. Set the next TPC output values in the NDR 
bits. 

11. Set the STR bit to 11n TSTR to start the timer 
counter. 

12. At each IMFA interrupt, write the next output 
value in the NDR bits. 


Figure 11-6 Setup Procedure for Non-Overlapping TPC Output (Example) 
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non- 
Overlapping Output): Figure 11-7 shows an example of the use of TPC output for four-phase 
complementary non-overlapping pulse output 



• The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are output 
compare registers and the counter will be cleared by compare match B. The TPC output trigger 
period is set in GRB. The non-overlap margin is set In GRA. The IMIEA bit is set to 1 In TIER to enable 
IMFA interrupts. 

• H’FF is written in PBDDR and NDERB, and bits G3CMS1. G3CMS0, G2CMS1, and G2CMS0 are set 
Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H’QS is 
written in NDRB. 

• The timer counter in this ITU channel is started. When compare match B occurs, outputs change from 
1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed 
by the value of GRA). The IMFA interrupt service routine writes the next output data (H’65) in NDRB. 

• Four-phase complementary norvoveriapping pulse output can be obtained writing H'59. H'56. H'QS... 
at successive IMFA interrupts, if the DM AC is set for activation by this interrupt, pulse output can be 
obtained without loading the CPU. 


Figure 11-7 Non-Overlapping TPC Output Example (Four-Phase Complementary 
Non-Overlapping Pulse Output) 
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TPC Output Triggering by Input Capture 

TPC output can be triggered by ITU input capture as well as by compare match. If GRA functions 
as an input c^ture register in the ITU channel selected in TPCR, TPC output will be triggered by 
the input capture signal. Figure 11-8 shows the timing. 
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11.4 Usage Notes 

11.4.1 Operation of TPC Output Pins 

TPq to TPi 5 are multiplexed with ITU, DMAC, address bus, and other pin functions. When ITU, 
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC output. The 
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin. 

Pin functions should be changed only under conditions in which the output trigger event will not 
occur. 


11A2 Note on Non-Overlapping Output 

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as 
follows. 

1. NDR bits are always transferred to DR bits at compare match A. 

2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred 
if their value is 1. 

Figure 11-9 illustrates the non-overlapping TPC output operation. 



Figure 11-9 Non-Overlapping TPC Output 
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before 
compare match A. NDR contents should not be altered during the interval from compare match B 
to compare match A (the non-overlap margin). 

This can be accomplished by having the IMFA interrupt service routine write the next data in 
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before 
the next compare match B occurs. 

Figure 11-10 shows the timing relationships. 


Compare 
maXdx A 

Compare 
match B 

NDR 

DR 



0 output 0/1 output 0 output 0/1 output 



Figure 11-10 Non-Overlapping Operation and NDR Write Timing 
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Section 12 Watchdog Timer 


12.1 Overview 

The H8/3042 Series has an on-chip watchdog timer (WDT). The WDT has two selectable 
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an 
interval timo-. As a watchdog timer, it generates a reset signal for the chip if a system crash allows 
the timer counter (TCNT) to overflow before being rewritten. In interval timer operation, an 
interval timo- interrupt is requested at each TCNT ovCTflow. 

12.1.1 Features 

WDT features are listed below. 

• Selection of eight counter clock sources 

0/2,0/32,0/64,0/128,0/256,0/512,0/2048, or 0/4096 

• Interval timer option 

• Timer counter overflow generates a reset signal or interrupt. 

The reset signal is generated in watchdog timer operation. An interval timer interrupt is 
generated in interval timer operation. 

• Watchdog timer reset signal resets the entire chip internally, and can also be ouq>ut externally. 

The reset signal generated by timer counter overflow during watchdog timer operation resets 
the entire chip internally. An external reset signal can be ouQiut from the RESO pin to reset 
other system devices simultaneously. 



12.1.2 Block Diagram 

Figure 12-1 shows a block diagram of the WDT. 


Interrupt signal 


(interval timer) 


I interrupt 
contrd 


Overflow 


X 

RSTCSR 


Reset 
(internal, external) 


Legend 

TCNT: Timer counter 

TCSR: Timer control/status register 

RSTCSR: Reset control/status register 


Reset control 


TCNT C 

3 



TCSR C 

M|| 



Read/ 

write 

control 


Internal 
data bus 



internal clock sources 
0/2 


Figure 12-1 WDT Block Diagram 


12.U Pin Configuration 

Table 12-1 describes the WDT output pin. 

Table 12-1 WDT Pin 

Name Abbreviation I/O Function 

Reset output RESO Output* External output of the watchdog timer reset signal 

Note: * Open-drain output. This pin should be pulled up externally to Vqg regardless of whether 
reset output is used or not. 
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12.1.4 Register Configuration 
Table 12-2 summarizes the WDT registers. 
Table 12-2 WDT Registers 


Address*'! 


Wrlte*2 

Read 

Name 

Abbreviation 

R/W 

Initial Value 

H'FFAS 

H-FFA8 

Timer control/status register 

TCSR 

R/(W)*3 

H’18 


HTFA9 

Timer counter 

TCNT 

R/W 

H’OO 

H’FFAA 

H’FFAB 

Reset control/status register 

RSTCSR 

R/{W)*3 

H’3F 


Notes: 1. Lower 16 bits of the address. 

2. Write word data starting at this address. 

3. Only 0 can be written in bit 7, to clear the flag. 
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12.2 Register Descriptions 

12.2.1 Timer Counter (TCNT) 

TCNT is an 8-bit readable and writable* up-counter. 

Bit 76543210 


Initial value 00000000 
Read/Writo R/W RiW RW RW RAV RW RAV RAW 

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from an internal 
clock source selected by bits CKS2 to CKSO in TCSR. When the count overflows (changes from 
irFF to H'OO), the OVF bit is set to 1 in TCSR. TCNT is initialized to ITOO by a reset and when 
the TME bit is cleared to 0. 

Note: * TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register 
Access. 
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12.2.2 Timer Control/Status Register (TCSR) 

TCSR is an 8-bit readable and writable*^ register. Its functions include selecting the timer mode 
and clock source. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


OVF 

WT/iT 

TME 

— 

— 

CKS2 

CKS1 

CKSO 

Initial value 

0 

0 

0 

1 

1 

0 

0 

0 

Read/Write 

R/(W)’2 

RAV 

flW 

— 

— 

fW 

R/W 

R/W 


Clock select 
These bits select the 
TCNT clock source 


Reserved bits 

Timer enable 

Selects whether TCNT runs or halts 

Timer mode select 
Selects the mode 


Overflow flag 

Status flag indicating overflow 

Bits 7 to 5 are initialized to 0 by a reset and in standby mode. Bits 2 to 0 are initialized to 0 by a 
reset In software standby mode bits 2 to 0 are not initialized, but retain their previous values. 

Notes: 1. TCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 

2. Only 0 can be written, to clear the flag. 
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed 
from HTF to H'OO. 

Bit? 


OVF 

Description 


0 

[Clearing condition] 

Cleared by reading OVF when OVF « 1, then writing 0 in OVF 

(initial value) 

1 

[Setting condition] 

Set when TCNT changes from H'FF to H’OO 



Bit 6 —^Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or 
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request 
when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signal when 
TCNT overflows. 

Bite 


WT/rf 

Description 


0 

interval timer: requests interval timer interrupts 

(initial value) 

1 

Watchdog timer: generates a reset signal 


BitS- 

-Timer Enable (TME): Selects whether TCNT runs or is halted. 


BitS 

TME 

Description 


0 

TCNT is initialized to H’OO and halted 

(Initial value) 

1 

TCNT is counting 



Bits 4 and 3—^Reserved: Read-only bits, always read as 1. 
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Bits 2 to 0—Clock Select 2 to 0 (CKS2/1/0): These bits select one of eight internal clock 
sources, obtained by prescaling the system clock (0), for input to TCNT. 


Bit 2 

Bill 

BitO 



CKS2 

CKS1 

CKSO 

Description 


0 

0 

0 

0/2 

(Initial value) 



1 

0/32 



1 

0 

0/64 




1 

0/128 


1 

0 

0 

0/256 




1 

0/512 



1 

0 

0/2048 




1 

0/4096 



12.2 J Reset Control/Status Register (RSTCSR) 

RSTCSR is an 8-bit readable and writable*^ register that indicates when a reset signal has been 
generated by watchdog timer overflow, and controls external output of the reset signal. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


WRST 

RSTOE 

— 

— 

— 

— 

— 

— 

Initial value 

0 

0 

1 

1 

1 

1 

1 

1 

Read/Write 

R/(W)*2 

RAV 

— 

—• 

— 

— 

— 

— 


Reserved bits 


Reset output enable 

Enables or disables external output of the reset signal 

Watchdog timer reset 

Indicates that a reset signal has been generated 


Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by 
reset signals generated by watchdog timer overflow. 

Notes: 1. RSTCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 

2. Only 0 can be written in bit 7, to clear the flag. 
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that 
TCNT has overflowed and generated a reset signal. This reset signal resets the entire chip 
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to 
initialize external system devices. 

Bit 7 


WRST 

Description 


0 

[Clearing condition] 

Cleared to 0 by reset signal input at RES pin, or by writing 0 

(Initial value) 

1 

[Setting condition] 

Set when TCNT overflow generates a reset signal during watchdog timer operation 


Bit 6—^Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of 
the reset signal generated if TCNT overflows during watchdog timer operation. 


Bite 

RSTOE 

Description 


0 

Reset signal is not output externally 

(Initial value) 

1 

Reset signal is output externally 



Bits 5 to 0—Reserved: Read-only bits, always read as 1. 
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12.2.4 Notes on Register Access 

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being 
more difficult to write. The procedures for writing and reading these registers are given below. 

Writing to TCNT and TCSR: These registers must be written by a word transfer instruction. 
They cannot be written by byte instructions. Figure 12-2 shows the format of data written to 
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be 
contained in the lower byte of the written word. The upper byte must contain ITS A (password for 
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byte to TCNT 
or TCSR. 


TCNT write 


15 


8 

7 


0 

AcJdress 

H’FFAS* 

H5A 

Write data 


TCSR write 


15 


8 

7 


0 

Address 

H*FFA8^ I 

HAS 

Write data 


Note: * Lower 16 bits of the address. 







Figure 12-2 Format of Data Written to TCNT and TCSR 
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Writing to RSTCSR; RSTCSR must be written by a word transfo' instruction. It cannot be 
written by byte transfer instructions. Figure 12-3 shows the format of data written to RSTCSR. To 
write 0 in the WRST bit, the write data must have IfAS in the upper byte and IfOO in the lower 
byte. The H’OO in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit, 
the upper byte must contain ITSA and the lower byte must contain the write data. Writing this 
word transfers a write data value into the RSTOE bit 


Writing 0 in WRST bit 

15 


8 

7 


0 

Address HTFAA* 

H*A5 

H'OO 


Writing to RSTOE bit 

15 


8 

7 


0 

Address HTFAA* 

H’5A 

Write data 


Note: * Lower 16 bits of the address. 







Figure 12-3 Format of Data Written to RSTCSR 


Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access 
instructions can be used. The read addresses are HTFA8 for TCSR, H'FFA9 for TCNT, and 
HFFAB for RSTCSR, as listed in table 12-3. 

Table 12-3 Read Addresses of TCNT, TCSR, and RSTCSR 


Address* 

Register 

H'FFAB 

TCSR 

H'FFA9 

TCNT 

H'FFAB 

RSTCSR 


Note: ♦ Lower 16 bits of the address. 
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12.3 Operation 

Operations when the WDT is used as a watchdog tinier and as an interval timer are described 
below. 

123A Watchdog Timer Operation 

Figii^l2-4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the 
WT/IT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the 
TCNT value (normally by writing ITCX)) before overflow occurs. If TCNT fails to be rewritten and 
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states. 

The watchdog reset signal can be externally output from the RESO pin to reset external system 
devices. The reset signal is output externally for 132 states. External output can be enabled or 
disabled by the RSTOE bit in RSTCSR. 

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can 
distinguish a RES reset from a watchdog reset by checking the WRST bit in RSTCSR. 

If a RES reset and a watchdog reset occur simultaneously, the RES reset takes priority. 


H’FF 

t 

TCNT count 
value 

I 

H’OO 


WDT overflow 


internal 
reset signal 



Ui 

izi 


TME 

set to 1 

izlzkl 

t \t/ 1 

Start H’OO written Re 

set 

\t/ 

H’OO written 


518 states 


RESO 


IH 

132 states 


Figure 12*4 Watchdog Timer Operation 








123.2 Interval Timer Operation 


Figure 12-5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit 
WTAT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each 
TCNT overflow. This function can be used to generate int^al timer interrupts at regular 
intervals. 



WT/IT=0 Interval Interval Interval Interval 

TME = 1 timer timer timer timer 

interrupt interrupt interrupt interrupt 


Figure 12-5 Interval Timer Operation 
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1233 Timing of Setting of Overflow Flag (OVF) 

Figure 12-6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when 
TCNT overflows. At the same time, a reset signal is generated in watchdog timer operation, or an 
interval timer interrupt is generated in interval timer operation. 



Figure 12-6 Timing of Setting of OVF 
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12 J.4 Timing of Setting of Watchdog Timer Reset Bit (WRST) 

The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR. 

Figure 12-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is 
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is 
generated fw the entire chip. This internal reset signal clears OVF to 0, but the WRST bit remains 
set to 1. The reset routine must therefore clear the WRST bit 



Figure 12-7 Timing of Setting of WRST Bit and Internal Reset 
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12-4 Interrupts 

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The 
interval timer interrupt is requested whenever the OVF bit is set to 1 in TCSR. 


12.5 Usage Notes 

Contention between TCNT Write and Increment: If a timer counter clock pulse is generated 
during the T 3 state of a write cycle to TCNT, the write takes priority and the timer count is not 
incremented. See figure 12-8. 


0 


Write cycle: CPU writes to TCNT 




TCNT X ' 


Internal write 
signal 


TCNT input 
clcx:k 


TCNT 



Counter write data 


Figure 12-8 Contention between TCNT Write and Increment 


Changing CKS2 to CKSO Values: Halt TCNT by clearing the TME bit to 0 in TCSR before 
changing the values of bits CKS2 to CKSO. 
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Section 13 Serial Communication Interface 

13.1 Overview 

The H8/3042 Series has a serial communication interface (SCI) with two independent channels. 
Both channels are functionally identical. The SCI can communicate in asynchronous mode or 
synchronous mode, and has a multiprocessor communication function for serial communication 
among two or more processors. 

13.1.1 Features 

Sa features are listed below. 

• Selection of asynchronous or synchronous mode for serial communication 

a. Asynchronous mode 

Serial data communication is synchronized one character at a time. The SCI can communicate 
with a universal asynchronous receiver/transmitter (UART), asynchronous communication 
interface adapter (ACIA), or other chip that employs standard asynchronous serial 
communication. It can also communicate with two or more other processors using the 
multiprocessor communication function. There are twelve selectable serial data 
communication formats. 

— Data length: 

— Stop bit length: 

— Parity bit: 

— Multiprocessor bit: 

— Receive error detection: 

— Break detection: 

b. Synchronous mode 

Serial data communication is synchronized with a clock signal. The SCI can communicate 
with other chips having a synchronous communication function. There is one serial data 
communication format 

— Data length: 8 bits 

— Receive error detection: overrun errors 


7 or 8 bits 
1 or 2 bits 
even, odd, or none 
1 orO 

parity, overrun, and framing errors 

by reading the RxD level directly when a framing error occurs 


13 
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Full duplex communication 


The transmitting and receiving sections are independent, so the SCI can transmit and receive 
simultaneously. The transmitting and receiving sections are both double-buffered, so serial 
data can be transmitted and received continuously. 

• Built-in baud rate generator with selectable bit rates 

• Selectable tiansmit/receive clock sources: internal clock from baud rate generator, or external 
clock from the SCK pin. 

• Four types of interrupts 

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are 
requested independently. The transmit-data-empty and receive-data-full interrupts can 
activate the DMA controller (DMAQ to transfer data. 
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13.1.2 Block Diagram 

Figure 13-1 shows a block diagram of the SCI. 


RxD 


TxD 

SCK 



Legend 

RSR: Receive shift register 
RDR: Receive data register 
TSR: Transmit shift register 
TDR: Transmit data register 
SMR: Serial mode register 
SCR: Serial control register 
SSR: Serial status register 
BRR: Bit rate register 


Figure 13-1 SCI Block Diagram 

















13.1 J Input/Output Pins 

The SCI has serial pins for each channel as listed in table 13-1. 
Table 13-1 SCI Pins 


Channel 

Name 

Abbreviation 

I/O 

Function 

0 

Serial clock pin 

SCKo 

Input/output 

SCIq clock Input/output 


Receive data pin 

RxDo 

Input 

SCIq receive data input 


Transmit data pin 

TxDo 

Output 

SCIq transmit data output 

1 

Serial clock pin 

SCKi 

Input/output 

SCI^ clock input/output 


Receive data pin 

RxDi 

Input 

SCI^ receive data input 


Transmit data pin 

TxDi 

Output 

SCI^ transmit data output 


13.1.4 Register Configuration 

The SCI has internal registers as listed in table 13-2. These registers select asynchronous or 
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver 
sections. 

Table 13-2 Registers 


Channel 

Address*^ 

Name 

Abbreviation 

RiW 

Initial Value 

0 

H'FFBO 

Serial mode register 

SMR 

RAW 

H'OO 


H’FFBI 

Bit rate register 

BRR 

R/W 

H’FF 


H'FFB2 

Serial control register 

SCR 

RAW 

H’OO 


H'FFB3 

Transmit data register 

TDR 

RAW 

H'FF 


H'FFB4 

Serial status register 

SSR 

R/(\W)*2 

H’84 


H’FFBS 

Receive data register 

RDR 

R 

H’OO 

1 

H’FFBS 

Serial mode register 

SMR 

RAW 

H’OO 


H’FFB9 

Bit rate register 

BRR 

RAW 

H’FF 


H’FFBA 

Serial control register 

SCR 

RAW 

H’OO 


H’FFBB 

Transmit data register 

TDR 

RAW 

H’FF 


H'FFBC 

Serial status register 

SSR 

R/(W)*2 

H'84 


H'FFBD 

Receive data register 

RDR 

R 

H’OO 


Notes: 1. Lower 16 bits of the address. 

2. Only 0 can be written, to clear flags. 
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13.2 Register Descriptions 

13.2.1 Receive Shift Register (RSR) 

RSR is the register that receives serial data. 


Bit 76543210 


Initial value 

Read/Write — — — — — — — — 

The SCI loads serial data input at the RxD pin into RSR in the order received, LSB 0) first, 
thereby converting the data to parallel data. When 1 byte has been received, it is automatically 
transferred to RDR. The CPU cannot read or write RSR directly. 

13.2.2 Receive Data Register (RDR) 

RDR is the register that stores received serial data. 

Bit 76543210 


Initial value 00000000 

ReadWrite RRRRRRRR 


When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into 
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to 
be received continuously. 

RDR is a read-only register. Its contents cannot be modified by the CPU. RDR is initialized to 
H'OO by a reset and in standby mode. 
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13^ J TVansmit Shift Register (TSR) 
TSR is the register that transmits serial data. 


Bit 76543210 


Initial value 
Read/Write 


The SQ loads transmit data firom TDR into TSR, then transmits the data serially from the TxD 
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next 
transmit data from TDR into TSR and starts transmitting it If the TORE flag is set to I in SSR, 
however, the SCI does not load the TDR contents into TSR. The CPU cannot read or write TSR 
directly. 

132.4 TVansmit Data Register (TDR) 

TDR is an 8-bit register that stores data for serial transmission. 

Bit 76543210 


Initial value 11111111 

Read/Write RM RAV R/W R/W RAV RW R/W RAV 


When the SCI detects that TSR is empty, it moves transmit data written in TDR firom TDR into 
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next 
transmit data in TDR during serial transmission from TSR. 

The CPU can always read and write TDR. TDR is initialized to HTFF by a reset and in standby 
mode. 
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13.2^ Serial Mode Register (SMR) 


SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock 
source for the baud rate generator. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


C/A 

CHR 

PE 

O/E 

STOP 

MP 

CKS1 

CKSO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RM 

R/W 

RAV 

RAV 

RAV 

RA/V 

RAW 


Clock select 1/0 

These bits select the 
baud rate generator’s 
clock source 

Multiprocessor mode 

Selects the multiprocessor 
function 

Stop bit length 
Seiects the stop bit length 

Parity mode 

Selects even or odd parity 

Parity enable 

Seiects whether a parity bit is added 
Character length 

Selects character length in asynchronous mode 

Communication mode 

Selects asynchronous or synchronous mode 


The CPU can always read and write SMR. SMR is initialized to H'OO by a reset and in standby 
mode. 
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Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or 
synchronous mode. 


Bi^7 

C/A Description 


0 

Asynchronous mode 

(Initial value) 

1 

Synchronous mode 



Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In 
synchronous mode the data length is 8 bits regardless of the CHR setting. 

Bite 


CHR 

Description 


0 

8-bit data 

(Initial value) 

1 

7-blt data* 



Note: ♦ When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted. 


Bit 5—^Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a 
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode 
the parity bit is neither added nor checked, regardless of the PE setting. 

Bits 


PE 

Description 


0 

Parity bit not added or checked 

(Initial value) 

1 

Parity bit added and checked* 



Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the 
even or odd parity mode selected by the O/E bit, and the parity bit in rec^ve data is 
checked to see that it matches the even or odd mode selected by the O/E bit. 
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Bit 4—^Parity Mode (0/E): Selects even or odd parity. The 0/E bit setting is valid in 
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit 
The 0/E setting is ignored in synchronous mode, or when parity adding and checking is disabled 
in asynchronous mode. 

Bit 4 


0/E 

Description 


0 

Even parity*** 

(Initial value) 

1 

Odd parity*2 



Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even 

number of 1s in the transmitted character and parity bit combined. Receive data must 
have an even number of Is in the received character and parity bit combined. 

2. When odd parity is selected, the parity bit added to transmit data makes an odd number 
of 1s in the transmitted character and parity bit combined. Receive data must have an 
odd number of Is in the received character and parity bit combined. 


Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting 
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit 
setting is ignored. 

Bits 


STOP 

Description 


0 

One stop bit*** 

(Initial value) 

1 

Two stop bits*2 



Notes: 1. One stop bit (with value 1) Is added at the end of each transmitted character. 

2. Two stop bits (with value 1) are added at the end of each transmitted character. 


In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second 
stop bit is 1 it is treated as a stop bit. If the second stop bit is 0 it is treated as the start bit of the 
next incoming character. 
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Bit 2—^Multiprocessor Mode (MP): Selects a multiprocessor format When a multiprocessor 
format is selected, parity settings made by the PE and bits are ignored. The MP bit setting is 
valid only in asynchronous mode. It is ignored in synchronous mode. 

For further information on the multiprocessor communication function, see section 13.3.3, 
Multiprocessor Communication Function. 

Bit 2 


MP 

Description 


0 

Multiprocessor function disabled 

(Initial value) 

1 

Multiprocessor format selected 



Bits 1 and 0—Clock Select 1 and 0 (CKSl/0): These bits select the clock source of the on-chip 
baud rate generator. Four clock sources are available: 0,0/4,0/16, and 0/64. 

For the relationship between the clock source, bit rale register setting, and baud rate, see 
section 13.2.8, Bit Rate Register. 

Bit 1 Bit 0 

CKS1 CKSO Description 


0 

0 

0 

(Initial value) 

0 

1 

0/4 


1 

0 

0/16 


1 

1 

0/64 
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13.2.6 Serial Control Register (SCR) 


SCR enables the SCI transmitter and receiver, enables or disables serial clock output in 
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source. 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


TIE 

RIE 

TE 

RE 

MPIE 

TEIE 

CKE1 

CKEO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

W\N 

FtAN 

R/W 

R/W 

R/W 


R/W 


Clock enable 1/0 

These bits select the 
SCI clock source 

Transmit end Interrupt enable 

Enables or disables transmit- 
end interrupts (TEI) 


Multiprocessor Interrupt enable 

Enables or disables multiprocessor 
interrupts 

Receive enable 

Enables or disables the receiver 


Transmit enable 

Enables or disables the transmitter 


Receive Interrupt enable 

Enables or disables receive-data-tull interrupts (RXI) and 
receive-error interrupts (ERI) 


Transmit Interrupt enable 

Enables or disables transmit-data-empty interrupts (TXI) 


The CPU can always read and write SCR. SCR is initialized to H’(X) by a reset and in standby 
mode. 
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Bit 7—^IVansmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt 
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from 
TDR to TSR. 

Bit? 


TIE 

Description 


0 

Transmit-data-empty interrupt request (TXI) is disabled’*' 

(Initial value) 

1 

Transmit-data-empty interrupt request (TXI) is enabled 


Note: 

* TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then 
clearing it to 0; or by clearing the TIE bit to 0. 


Bit 6—^Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt 
(RXI) requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive data from 
RSR to RDR; also enables or disables the receive-error interrupt (ERI). 

Bite 

RIE 

Description 

0 

Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled (Initial value) 

1 

Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled 

Note: 

* RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER, 
PER, or ORER flag, then clearing it to 0; or by clearing the RIE bit to 0. 


Bit 5—^Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations. 
Bits 


TE 

Description 


0 

Transmitting disabled*^ 

(Initial value) 

1 

Transmitting enabled*^ 



Notes: 1. The TDRE bit is locked at 1 in SSR. 

2. in the enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0 
after writing of transmit data into TDR. Select the transmit format in SMR before setting 
the TE bit to 1. 
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Bit 4 —^Receive Enable (RE): Enables or disables the start of SQ serial receiving operations. 

Bit 4 


RE 

Description 


0 

Receiving disabled*^ 

(Initial value) 

1 

Receiving enabled^^ 



Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, PER. PER, and ORER flags. These 
flags retain their previous values. 

2. in the enabled state, serial receiving starts when a start bit is detected in asynchronous 
mode, or serial clock input is detected in synchronous mode. Select the receive format 
in SMR before setting the RE bit to 1. 


Bit 3—^Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts. 
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to 1 in SMR. 
The MPIE setting is ignored in synchronous mode or when the MP bit is cleared to 0. 


Bit3 

MPIE 

Description 

0 

Multiprocessor interrupts are disabled (normal receive operation) (Initial value) 

[Clearing conditions] 

The MPIE bit is cleared to 0. 

MPB = 1 in received data. 

1 

Multiprocessor interrupts are enabled’^ 

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of the RDRF, 
PER, and ORER status flags in SSR are disabled until data with the multiprocessor bit 
set to 1 is received. 

Note: 

♦ The SCI does not transfer receive data from RSR to RDR, does not detect receive errors, 
and does not set the RDRF, PER, and ORER flags In SSR. When it receives data in which 
MPB * 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0, 
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the PER and 
ORER flags to be set. 
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Bit 2—^Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt 
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted. 


Bit 2 


TEIE 

Description 


0 

Transmit-end interrupt requests (TEi) are disabled* 

(Initial value) 

1 

Transmit-end interrupt requests (TEi) are enabled* 



Note: ♦ TEI interrupt requests can be cleared by reading the value 1 from the TORE flag In SSR, 
then clearing the TORE flag to 0. thereby also clearing the TEND flag to 0; or by clearing 
the TEIE bit to 0. 


Bits 1 and 0—Clock Enable 1 and 0 (CKEl/0): These bits select the SCI clock source and 
enable or disable clock output from the SCK pin. Depending on the settings of CKEl and CKEO, 
the SCK pin can be used for generic input/output, serial clock output, or serial clock input. 

The CKEO setting is valid only in asynchronous mode, and only when the SCI is internally 
clocked (CKEl = 0). The CKEO setting is ignored in synchronous mode, or when an external 
clock source is selected (CKEl = 1). Select the SCI operating mode in SMR before setting the 
CKEl and CKEO bits. For further details on selection of the SCI clock source, see table 13-9 in 
section 13.3, Operation. 

Bit 1 Bit 0 

CKE1 CKEO Description 


0 

0 

Asynchronous mode 

Internal clock, SCK pin available for generic 
input/output 

Synchronous mode 

Internal clock, SCK pin used for serial clock output 

0 

1 

Asynchronous mode 

internal clock, SCK pin used for clock output *2 



Synchronous mode 

Internal clock, SCK pin used for serial clock output 

1 

0 

Asynchronous mode 

External clock, SCK pin used for clock input 



Synchronous mode 

External clock, SCK pin used for serial clock input 

1 

1 

Asynchronous mode 

External clock, SCK pin used for clock input *3 



Synchronous mode 

External clock, SCK pin used for serial clock input 


Notes: 1. Initial value 

2. The output clock frequency is the same as the bit rate. 

3. The Input clock frequency is 16 times the bit rate. 
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13.2.7 Serial Status Register (SSR) 


SSR is an 8-bit register containing multiprocessor bit values, and status flags that indicate SCI 
operating status. 


B'lt 

7 

6 

5 

4 

3 

2 

1 

0 


TORE 

RDRF 

ORER 

PER 

PER 

TEND 

MPB 

MPBT 

Initial value 

1 

0 

0 

0 

0 

1 

0 

0 

Read/Write 

R/(W)* 

R/(W)* 

R/(W)* 

R/(W)* 

R/(W)* 

R 

R 

R/W 



Multiprocessor 
bit transfer 
Value of multi¬ 
processor bit to 
be transmitted 

Multiprocessor bit 
Stores the received 
multiprocessor bit value 

Transmit end 

Status flag indicating end of 
transmission 


Parity error 

Status flag indicating detection of 
a receive parity error 


Framing error 

Status flag indicating detection of a receive 
framing error 


Overrun error 

Status flag indicating detection of a receive overrun error 


Receive data register full 

Status flag indicating that data has been received and stored in RDR 


Transmit data register empty 

Status flag indicating that transmit data has been transferred from TDR into 
TSR and new data can be written in TDR 


Note: * Only 0 can be written, to clear the flag. 
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The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER, 
and PER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The 
TEND and MPB flags are read-only bits that cannot be written. 

SSR is initialized to H*84 by a reset and in standby mode. 

Bit 7—^TVansmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data 
from TDR into TSR and the next serial transmit data can be written in TDR. 

Bit 7 

TDRE Description 

0 TDR contains valid transmit data 

[Clearing conditions] 

Software reads TDRE while it is set to 1, then writes 0. 

The DMAC writes data in TDR. 

1 TDR does not contain valid transmit data (Initial value) 

[Setting conditions] 

The chip is reset or enters standby mode. 

The TE bit in SCR is cleared to 0. 

TDR contents are loaded into TSR, so new data can be written in TDR. 


Bit 6— ^Receive Data Register Full (RDRF); Indicates that RDR contains new receive data. 

Bite 

RDRF Description 

0 

RDR does not contain new receive data (Initial value) 

[Clearing conditions] 

The chip is reset or enters standby mode. 

Software reads RDRF while rt is set to 1, then writes 0. 

The DMAC reads data from RDR. 

1 

RDR contains new receive data 
[Setting condition] 

When serial data is received normally and transferred from RSR to RDR. 


Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by 

clearing of the RE bit to 0 In SCR. They retain their previous values. If the RDRF flag is still 
set to 1 when reception of the next data ends, an overrun error occurs and receive data Is 
lost. 
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an 
overrun error. 

Bits 


ORER 

Description 


0 

Receiving is in progress or has ended normally 
[Clearing conditions] 

The chip is reset or enters standby mode. 

Software reads ORER while it is set to 1, then writes 0. 

(Initial value)*^ 

1 

A receive overrun error occurred*2 
[Setting condition] 

Reception of the next serial data ends when RDRF « 1 . 



Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains Its 
previous value. 

2. RDR continues to hold the receive data before the overrun error, so subsequent receive 
data is lost. Serial receiving cannot continue while the ORER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 


Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing 
error in asynchronous mode. 

BH4 

FER 

Description 

0 

Receiving is in progress or has ended normally (Initial value)*^ 

[Clearing conditions] 

The chip is reset or enters standby mode. 

Software reads FER while It is set to 1, then writes 0. 

1 

A receive framing error occurred*^ 

[Setting condition] 

The stop bit at the end of receive data is checked and found to be 0. 

Notes: 

1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains Its previous 
value. 

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not 
checked. When a framing error occurs the SCI transfers the receive data into RDR but 
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set 
to 1. In synchronous mode, serial transmitting is also disabled. 
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Bit 3—^Parity Error (PER): Indicates that data reception ended abnormally due to a parity error 


in asynchronous mode. 


Bits 

PER 

Description 


0 

Receiving is In progress or has ended normally*^ 

[Clearing conditions] 

The chip is reset or enters standby mode. 

Software reads PER while it is set to 1, then writes 0. 

(Initial value) 

1 

A receive parity error occurred*2 
[Setting condition] 

The number of 1s in receive data, including the parity bit, does not match the even or 
odd parity setting of O/E in SMR. 


Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous 
value. 


2. When a parity error occurs the SCI transfers the receive data into RDR but does not set 
the RDRF flag. Serial receiving cannot continue while the PER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 


Bit 2—^Transmit End (TEND): Indicates that when the last bit of a serial character was 
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is 
a read-only bit and cannot be written. 

Bit 2 

TEND Description 

0 Transmission is In progress 

[Clearing conditions] 

Software reads TORE while it is set to 1, then writes 0 in the TORE flag. 

The DMAC writes data in TDR. 

1 End of transmission (initial value) 

[Setting conditions] 

The chip Is reset or enters standby mode. 

The TE bit Is cleared to 0 in SCR. 

TORE is 1 when the last bit of a serial character is transmitted. 
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Bit 1—^Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data 
when a multiprocessor format is used in asynchronous mode. MPB is a read-only bit and cannot 
be written. 

Bhi 


MPB 

Description 


0 

Multiprocessor bit value in receive data is 0^ 

(Initial value) 

1 

Multiprocessor bit value in receive data is 1 



Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its 
previous value. 


Bit 0—^Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to 
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode. 

The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected, 
or when the SCI is not transmitting. 


BitO 

MPBT Description 


0 

Multiprocessor bit value in transmit data is 0 

(Initial value) 

1 

Multiprocessor bit value in transmit data is 1 



13.2.8 Bit Rate Register (BRR) 

BRR is an 8-bit register that, together with the CKSl and CKSO bits in SMR that select the baud 
rate generator clock source, determines the serial communication bit rate. 

Bit 7 6 5 4 3 210 

Initial value 11111111 
ReadMrite R/W R/W R/W R/W R/W R/W R/W R/W 


The CPU can always read and write BRR. BRR is initialized to H*FF by a reset and in standby 
mode. The two SCI channels have independent baud rate generator control, so different values can 
be set in the two channels. 

Table 13-3 shows examples of BRR settings in asynchronous mode. Table 13-4 shows examples 
of BRR settings in synchronous mode. 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode 
_ 0 (MHz) 


Bit Rate 
(bits/s) 


2 



2.097152 


2.4576 


3 


n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

110 

1 

141 

0.03 

1 

148 

-0.04 

1 

174 

-0.26 

1 

212 

0.03 

150 

1 

103 

0.16 

1 

108 

0.21 

1 

127 

0 

1 

155 

0.16 

300 

0 

207 

0.16 

0 

217 

0.21 

0 

255 

0 

1 

77 

0.16 

600 

0 

103 

0.16 

0 

108 

0.21 

0 

127 

0 

0 

155 

0.16 

1200 

0 

51 

0.16 

0 

54 

-0.70 

0 

63 

0 

0 

77 

0.16 

2400 

0 

25 

0.16 

0 

26 

1.14 

0 

31 

0 

0 

38 

0.16 

4800 

0 

12 

0.16 

0 

13 

-2.48 

0 

15 

0 

0 

19 

-2.34 

9600 

0 

6 

-^.99 

0 

6 

-2.48 

0 

7 

0 

0 

9 

-2.34 

19200 

0 

2 

8.51 

0 

2 

13.78 

0 

3 

0 

0 

4 

-2.34 

31250 

0 

1 

0 

0 

1 

4.86 

0 

1 

22.88 

0 

2 

0 

38400 

0 

1 

-18.62 

0 

1 

-14.67 

0 

1 

0 

-- 

— 

— 







0 (MHz) 








3.6864 


4 



4.9152 


5 


Bit Rate 



Error 



Error 



Error 



Error 

(bits/s) 

n 

N 

(%) 

n 

N 

(%) 

n 

N 

(%) 

n 

N 

(%) 

110 

2 

64 

0.70 

2 

70 

0.03 

2 

86 

0.31 

2 

88 

-0.25 

150 

1 

191 

0 

1 

207 

0.16 

1 

255 

0 

2 

64 

0.16 

300 

1 

95 

0 

1 

103 

0.16 

1 

127 

0 

1 

129 

0.16 

600 

0 

191 

0 

0 

207 

0.16 

0 

255 

0 

1 

64 

0.16 

1200 

0 

95 

0 

0 

103 

0.16 

0 

127 

0 

0 

129 

0.16 

2400 

0 

47 

0 

0 

51 

0.16 

0 

63 

0 

0 

64 

0.16 

4800 

0 



0 

25 

0.16 

0 

31 

0 

0 

32 

-1.36 

9600 

0 

11 

0 

0 

12 

0.16 

0 

15 

0 

0 

15 

1.73 

19200 

0 

5 

0 

0 

6 

-6.99 

0 

7 

0 

0 

7 

1.73 

31250 

— 

— 

— 

0 

3 

0 

0 

4 

-1.70 

0 

4 

0 

38400 

0 

2 

0 

0 

2 

8.51 

0 

3 

0 

0 

3 

1.73 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode (cont) 

0 (MHz) 


BK Rate 
(bits/s) 


6 



6.144 


7.3728 


8 


n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

110 

2 

106 

-0.44 

2 

108 

0.08 

2 

130 

-0.07 

2 

141 

0.03 

150 

2 

77 

0.16 

2 

79 

0 

2 

95 

0 

2 

103 

0.16 

300 

1 

155 

0.16 

1 

159 

0 

1 

191 

0 

1 

207 

0.16 

600 

1 

77 

0.16 

1 

79 

0 

1 

95 

0 

1 

103 

0.16 

1200 

0 

155 

0.16 

0 

159 

0 

0 

191 

0 

0 

207 

0.16 

2400 

0 

77 

0.16 

0 

79 

0 

0 

95 

0 

0 

103 

0.16 

4800 

0 

38 

0.16 

0 

39 

0 

0 

47 

0 

0 

51 

0.16 

9600 

0 

19 

-2.34 

0 

19 

0 

0 

23 

0 

0 

25 

0.16 

19200 

0 

9 

-2.34 

0 

9 

0 

0 

11 

0 

0 

12 

0.16 

31250 

0 

5 

0 

0 

5 

2.40 

0 

6 

5.33 

0 

7 

0 

38400 

0 

4 

-2.34 

0 

4 

0 

0 

5 

0 

0 

6 

-6.99 







0 (MHz) 








9.8304 


10 


12 


12.288 

Bit Rate 



Error 



Error 



Error 



Error 

(bits/s) 

n 

N 

(%) 

n 

N 

(%) 

n 

N 

(%) 

n 

N 

(%) 

110 

2 

174 

-0.26 

2 

177 

-0.25 

2 

212 

0.03 

2 

217 

0.08 

150 

2 

127 

0 

2 

129 

0.16 

2 

155 

0.16 

2 

159 

0 

300 

1 

255 

0 

2 

64 

0.16 

2 

77 

0.16 

2 

79 

0 

600 

1 

127 

0 

1 

129 

0.16 

1 

155 

0.16 

1 

159 

0 

1200 

0 

255 

0 

1 

64 

0.16 

1 

77 

0.16 

1 

79 

0 

2400 

0 

127 

0 

0 

129 

0.16 

0 

155 

0.16 

0 

159 

0 

4800 

0 

63 

0 

0 

64 

0.16 

0 

77 

0.16 

0 

79 

0 

9600 

0 

31 

0 

0 

32 

-1.36 

0 

38 

0.16 

0 

39 

0 

19200 

0 

15 

0 

0 

15 

1.73 

0 

19 

-2.34 

0 

19 

0 

31250 

0 

9 

-1.70 

0 

9 

0 

0 

11 

0 

0 

11 

2.40 

38400 

0 

7 

0 

0 

7 

1.73 

0 

9 

-2.34 

0 

9 

0 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode (cont) 

0 (MHz) 


14 14.7456 16 


Bit Rate 
(bits/8) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

n 

N 

Error 

(%) 

110 

2 

248 

-0.17 

3 

64 

0.70 

3 

70 

0.03 

150 

2 

181 

0.16 

2 

191 

0 

2 

207 

0.16 

300 

2 

90 

0.16 

2 

95 

0 

2 

103 

0.16 

600 

1 

181 

0.16 

1 

191 

0 

1 

207 

0.16 

1200 

1 

90 

0.16 

1 

95 


1 

103 

0.16 

2400 

0 

181 

0.16 

0 

191 

0 

0 

207 

0.16 


0 

90 

0.16 

0 

95 

0 

0 

103 

0.16 

9600 

0 

45 

-0.93 

0 

47 

0 

0 

51 

0.16 

19200 

0 

22 

-0.93 

0 

23 

0 

0 

25 

0.16 

31250 

0 

13 

0 

0 

14 

-1.70 

0 

15 

0 

38400 

0 

10 

3.57 

0 

11 

0 

0 

12 

0.16 
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Table 13-4 Examples of Bit Rates and BRR Settings in Synchronous Mode 


Bit Rate 
(bits/8) 

TTo 


0 (MHz) 

— - - ^ _ 

n N h N n N V N n N 

3 70 II H H 



99 0 199 1 99 1 124 1 199 


10 k 0 49 0 99 0 199 0 249 1 99 


0 19 0 39 0 79 0 99 0 159 




Note: Settings with an error of 1% or less are recommended. 
Legend 

Blank: No setting available 

—: Setting possible, but error occurs 

♦: Continuous transmit/receive not possible 


The BRR setting is calculated as follows: 
Asynchronous mode: 


N » 


-1- X 106-1 

64x22n-1 xB 


Synchronous mode: 

N»- - - X106-1 

8 X 22r>-i X B 


B: Bit rate (bits/s) 

N: BRR setting for baud rate generator (0 < N < 255) 

0 ; System clock frequency (MHz) 

n: Baud rate generator clock source (n » 0,1,2, 3) 

(For the clock sources and values of n, see the following table.) 
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n Clock Source 


0 0 


1 0/4 


SMR Settings 
CKS1 CKSO 


0 



The bit rate error in asynchronous mode is calculated as follows, 
r 0 X10® 1 


Error (%)= ~ 7; i r; -Ifx 100 

' ‘ 1 (N + 1) X B X 64 X 22^1 I 
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Table 13-S indicates the maximum bit rates in asynchronous mode for various system clock 
frequencies. Tables 13-6 and 13-7 indicate the maximum bit rates with external clock input. 

Table 13-5 Maximum Bit Rates for Various Frequencies (Asynchronous Mode) 




Settings 

0 (MHz) 

Maximum BK Rate (bits/s) 

n 

N 

2 

62500 

0 

0 

2.097152 

65536 

0 

0 

2.4576 

76800 

0 

0 

3 

93750 

0 

0 

3.6864 

115200 

0 

0 

4 

125000 

0 

0 

4.9152 

153600 

0 

0 

5 

156250 

0 

0 

6 

187500 

0 

0 

6.144 

192000 

0 

0 

7.3728 

230400 

0 

0 

8 

250000 

0 

0 

9.8304 

307200 

0 

0 

10 

312500 

0 

0 

12 

375000 

0 

0 

12.288 

384000 

0 

0 

14 

437500 

0 

0 

14.7456 

460800 

0 

0 

16 

500000 

0 

0 
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Table 13-6 Maximum Bit Rates with External Clock Input (Asynchronous Mode) 


0 (MHz) 

External Input Clock (MHz) 

Maximum Bit Rate (bits/s) 

2 

0.5000 

31250 

2.097152 

0.5243 

32768 

2.4576 

0.6144 

38400 

3 

0.7500 

46875 

3.6864 

0.9216 

57600 

4 

1.0000 

62500 

4.9152 

1.2288 

76800 

5 

1.2500 

78125 

6 

1.5000 

93750 

6.144 

1.5360 

96000 

7.3728 

1.8432 

115200 

8 

2.0000 

125000 

9.8304 

2.4576 

153600 

10 

2.5000 

156250 

12 

3.0000 

187500 

12.288 

3.0720 

192000 

14 

3.5000 

218750 

14.7456 

3.6864 

230400 

16 

4.0000 

250000 
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Table 13-7 Maximum Bit Rates with External Clock Input (Synchronous Mode) 


0 (MHz} 

External Input Clock (MHz) 

Maximum Bit Rate (bits/s) 

2 

0.3333 

333333.3 

4 

0.6667 

666666.7 

6 

1.0000 

1000000.0 

8 

1.3333 

1333333.3 

10 

1.6667 

1666666.7 

12 

2.0000 

2000000.0 

14 

2.3333 

2333333.3 

16 

2.6667 

2666666.7 
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13.3 Operation 

13J.1 Overview 

The SCI has an asynchronous mode in which characters are synchronized individually, and a 
synchronous mode in which communication is synchronized with clock pulses. Serial 
communication is possible in either mode. Asynchronous or synchronous mode and the 
communication format are selected in SMR, as shown in table 13-8. The SCI clock source is 
selected by the C/A bit in SMR and the CKEl and CKEO bits in SCR, as shown in table 13-9. 

Asynchronous Mode 

• Data length is selectable: 7 or 8 bits. 

• Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These 
selections determine the communication format and character length. 

• In receiving, it is possible to detect framing errors, parity errors, overrun errors, and the break 
state. 

• An internal or external clock can be selected as the SCI clock source. 

— When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and can output a serial clock signal with a frequency matching the bit rate. 

— When an external clock is selected, the external clock input must have a frequency 
16 times the bit rate. (The on-chip baud rate generator is not used.) 

Synchronous Mode 

• The communication format has a fixed 8-bit data length. 

• In receiving, it is possible to detect overrun errors. 

• An internal or external clock can be selected as the SCI clock source. 

— When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and outputs a serial clock signal to external devices. 

— When an external clock is selected, the SCI operates on the input serial clock. The on-chip 
baud rate generator is not used. 
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Table 13-8 SMR Settings and Serial Communication Formats 


SCI Communication Format 


SMR Settings 

Bit7 Bite Bit 2 Bits Bit3 

C/A CHR MP PE STOP Mode 


Length Bit 


Multi¬ 
processor Parity 


Stop 

Bit 

Length 



Asynchronous 8-bit data Present 
mode (multi¬ 
processor _ 

format) 7-bit data 


Absent 1 bit 
2 bits 


Synchronous 8-bit data Absent 
mode 


Table 13-9 SMR and SCR Settings and SCI Clock Source Selection 
SMR SCR Settings 


Bit? 

Biti 

BitO 


SCI Transmit/Receive Clock 

C/A 

CKE1 

CKEO 

Mode 

Clock Source 

SCK Pin Function 

0 

0 

0 

Asynchronous mode 

Internal 

SCI does not use the SCK pin 

0 

0 

1 



Outputs a dock with frequency 
matching the bit rate 

0 

1 

0 


External 

inputs a clock with frequency 

0 

1 

1 



16 times the bit rate 

1 

0 

0 

Synchronous mode 

Internal 

Outputs the serial clock 

1 

0 

1 




1 

1 

0 


External 

Inputs the serial dock 

1 

1 

1 
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13 J.2 Operation in Asynchronous Mode 

In asynchronous mode each transmitted or received character begins with a start bit and ends with 
a stop bit Serial communication is synchronized one character at a time. 

The transmitting and receiving sections of the SQ are independent, so full duplex communication 
is possible. The transmitter and receiver are both double buffered, so data can be written and read 
while transmitting and receiving are in progress, enabling continuous transmitting and receiving. 

Figure 13-2 shows the general format of asynchronous serial communication. In asynchronous 
serial communication the communication line is normally held in the mark (high) state. The SCI 
monitors the line and starts serial communication when the line goes to the space (low) state, 
indicating a start bit One serial character consists of a start bit (low), data (LSB first), parity bit 
(high or low), and stop bit (high), in that order. 

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit 
The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit 
rate. Receive data is latched at the center of each bit 



Figure 13-2 Data Format in Asynchronous Communication (Example: 8-Bit Data with 

Parity and 2 Stop Bits) 
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Communication Formats: Table 13-10 shows the 12 communication formats that can be selected 
in asynchronous mode. The format is selected by settings in SMR. 

Table 13-10 Serial Communication Formats (Asynchronous Mode) 



1 

1 


1 

1 






7>bit data 


Legend 

S: Start bit 

STOP: Stop bit 
P: Parity bit 

MPB: Multiprocessor bit 
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected 
by the C/A bit in SMR and bits CKEl and CKEO in SCR. See table 13-9. 

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the 
desired bit rate. 

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The 
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13-3 so that 
the rising edge of the clock occurs at the center of each transmit data bit. 


LIl 

m 

1 oj 



DO D1 D2 D3 D4 D5 D6 D7 0/1 1 1 



1 frame 




Figure 13-3 Phase Relationship between Output Clock and Serial Data 
(Asynchronous Mode) 


Transmitting and Receiving Data 

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear the TE and RE 
bits to 0 in SCR, then initialize the SCI as follows. 

When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing TE to 0 sets the TDRE flag to 1 and initializes 
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, PER, and ORER flags and 
RDR, which retain their previous contents. 

When an external clock is used, the clock should not be stopped during initialization or 
subsequent operation. SCI operation becomes unreliable if the clock is stopped. 

Figure 13-4 is a sample flowchart for initializing the SCI. 
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Transmitting or receiving 


1. Select the clock source in SCR. Clear the RIE. TIE, TEIE, 
MPIE, TE, and RE bits to 0. If clock output is selected in 
asynchronous mode, clock output starts immediately after 
the setting is made in SCR. 

2. Select the communication format in SMR, 

3. Write the value corresponding to the bit rate in BRR. 

This step is not necessary when an external clock is used. 

4. Wait for at least the interval required to transmit or receive 
1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE, 
TIE, TEIE, and MPIE bits as necessary. Setting the TE 

or RE bit enables the SCI to use the TxD or RxD pin. 


Figure 13-4 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Asynchronous Mode): Figure 13-5 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 



Write transmit data 
in TDR and dear TORE 
flag to 0 In SSR 


No 


Yes 


Read TEND flag in SSR 


No 


Yes 



End 




1 


2 


3 


4 


1. SCI initialization: the transmit data output function 
of the TxD pin is selected automatically. 

2. SCI status check and transmit data write: read SSR, 
check that the TORE flag is 1, then write transmit data 
in TDR and clear the TDRE flag to 0. 

3. To continue transmitting serial data: after checking 
that the TDRE flag is 1, indicating that data can be 
written, write data in TDR, then clear the TDRE 

flag to 0. When the DMAC is activated by a transmit- 
-data-empty interrupt request (TXI) to write data in TDR, 
the TDRE flag is checked and cleared automatically. 

4. To output a break signal at the end of serial transmission: 
set the DDR bit to 1 and clear the DR bit to 0 

(DDR and DR are I/O port registers), then dear the 
TE bit to 0 in SCR. 


Figure 13-5 Sample Flowchart for Transmitting Serial Data 
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In transmitting serial data, the SQ operates as follows. 

• The SCI monitors the TORE flag in SSR. When the TDRE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 

• AflCT loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

Serial transmit data is transmitted in the following order from the TxD pin: 

— Start bit: One 0 bit is output. 

— Transmit data: 7 or 8 bits are output, LSB first. 

— Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocessor 

bit is output Formats in which neither a parity bit nor a 
multiprocessor bit is output can also be selected. 

— Stop bit: One or two 1 bits (stop bits) are output 

— Mark state: Output of 1 bits continues until the start bit of the next 

transmit data. 

• The SCI checks the TDRE flag when it outputs the stop bit If the TDRE flag is 0, the SCI 
loads new data from TDR into TSR, outputs the stop bit then begins serial ttansmission of 
the next frame. If the TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, outputs the 
stop bit then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a 
transmit-end interrupt (TEI) is requested at this time. 

Figure 13-6 shows an example of SCI transmit operation in asynchronous mode. 



Figure 13-6 Example of SCI Transmit Operation in Asynchronous Mode 
(8-Bit Data with Parity and 1 Stop Bit) 
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Receiving Serial Data (Asynchronous Mode): Figure 13-7 shows a sample flowchart for 
receiving serial data and indicates the procedure to follow. 



1. SCI initialization: the receive data function of 
the RxD pin is selected automatically. 

2, 3. Receive error handling and break 

detection; if a receive error occurs, read the 
ORER, PER, and PER flags In SSR to identify 
the error. After executing the necessary error 
handling, clear the ORER, PER, and PER 
flags all to 0. Receiving cannot resume if any 
of the ORER, PER, and PER flags remains 
set to 1. When a framing error occurs, the 
RxD pin can be read to detect the break state. 

4. SCI status check and receive data read: read 
SSR, check that RDRP is set to 1, then read 
receive data from RDR and dear the RDRP 
flag to 0. Notification that the RDRP flag has 
changed from 0 to 1 can also be given by the 
RXI interrupt. 

5. To continue receiving serial data: check the 
RDRP flag, read RDR, and clear the RDRP 
flag to 0 before the stop bit of the current 
frame is received. If the DMAC is activated 
by an RXI interrupt to read the RDR value, 
the RDRP flag is cleared automatically. 


Figure 13-7 Sample Flowchart for Receiving Serial Data (1) 
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Figure 13-7 Sample Flowchart for Receiving Serial Data (2) 
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In receiving, the SCI operates as follows. 

• The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes 
internally and starts receiving. 

• Receive data is stored in RSR in order from LSB to MSB. 

• The parity bit and stop bit are received. 

After receiving, the SCI makes the following checks: 

— Parity check: The number of Is in the receive data must match the even or odd parity 

setting of the 0/E bit in SMR. 

— Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stop 

bit is checked. 

— Status check: The RDRF flag must be 0 so that receive data can be transferred from 

RSR into RDR. 

If these checks all pass, the RDRF flag is set to 1 and the received data is stored in RDR. If one of 
the checks fails (receive error), the SCI operates as indicated in table 13-11. 

Note: When a receive error occurs, further receiving is disabled. In receiving, the RDRF flag is 
not set to 1. Be sure to clear the error flags to 0. 

• When the RDRF flag is set to 1, if the RIE bit is set to 1 in SCR, a receive-data-full interrupt 
(RXI) is requested. If the ORER, PER, or FER flag is set to 1 and the REE bit in SCR is also 
set to 1, a receive-error interrupt (ERI) is requested. 

Table 13-11 Receive Error Conditions 


Receive Error 

Abbreviation 

Condition 

Data Transfer 

Overrun error 

ORER 

Receiving of next data ends 
while RDRF flag is still set to 

1 in SSR 

Receive data not transferred 
from RSR to RDR 

Framing error 

FER 

Stop bit is 0 

Receive data transferred 
from RSR to RDR 

Parity error 

PER 

Parity of receive data differs 
from even/odd parity setting 
in SMR 

Receive data transferred 
from RSR to RDR 
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Figure 13-8 shows an example of SCI receive operation in asynchronous mode. 



Figure 13-8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit) 


13 JJ Multiprocessor Communication 

The multiprocessor communication function enables several processors to share a single serial 
communication line. The processors communicate in asynchronous mode using a format with an 
additional multiprocessor bit (multiprocessor format). 

In multiprocessor communication, each receiving processor is addressed by an ID. A serial 
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a 
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending 
cycles. 

The transmitting processor starts by sending the ID of the receiving processor with which it wants 
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends 
transmit data with the multiprocessor bit cleared to 0. 

Receiving processors skip incoming data until they receive data with the multiprocessor bit set 
to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the 
data with their IDs. The receiving processor with a matching ID continues to receive further 
incoming data. Processors with IDs not matching the received data skip further incoming data 
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and 
receive data in this way. 

Figure 13-9 shows an example of communication among different processors using a 
multiprocessor format. 
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a 
multiprocessor format is selected. For details see table 13-8. 

Clock: See the description of asynchronous mode. 



(ID = 01) (ID = 02) (ID = 03) (ID = 04) 



ID-sending cycle: receiving Data-sending cycle: 

processor address data sent to receiving 

processor specified by ID 

Legend 

MPB: Multiprocessor bit 


Figure 13-9 Example of Communication among Processors using Multiprocessor Format 
(Sending Data H*AA to Receiving Processor A) 
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Transmitting and Receiving Data 


IVansmitting Multiprocessor Serial Data: Figure 13-10 shows a sample flowchart for 
transmitting multiprocessor serial data and indicates the procedure to follow. 



1. SCI initialization: the transmit data 
output function of the TxD pin is 
selected automatically. 

2. SCI status check and transmit data 
write: read SSR, check that the TDRE 
flag is 1. then write transmit 

data in TDR. Also set the MPBT flag to 
0 or 1 in SSR. Finally, clear the TORE 
flag to 0. 

3. To continue transmitting serial data: 
after checking that the TORE flag is 1, 
indicating that data can be 

written, write data in TDR, then clear 
the TDRE flag to 0. When the DMAC 
is activated by atransmit-data-empty 
interrupt request (TXI) to write data in 
TDR, the TDRE flag is checked and 
cleared automatically. 

4. To output a break signal at the end of 
serial transmission: set the DDR bit to 
1 and clear the DR bit to 0 (DDR and 
DR are I/O port registers), then clear 
the TE bit to 0 in SCR. 


Figure 13-10 Sample Flowchart for IVansmitting Multiprocessor Serial Data 
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In transmitting serial data, the SCI operates as follows. 

• The SCI monitors the TORE flag in SSR. When the TORE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 

• AftCT loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts 
transmitting. If the TEE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

Serial transmit data is transmitted in the following order from the TxD pin: 

— Start bit: One 0 bit is ouq)ut 

— Transmit data: 7 or 8 bits are output, LSB first. 

— Multiprocessor bit: One multiprocessor bit (MPBT value) is output. 

— Stop bit: One or two 1 bits (stop bits) are output. 

— Mark state: Output of 1 bits continues until the start bit of the next transmit data. 

• The SCI checks the TDRE flag when it outputs the stop bit If the TDRE flag is 0, the SCI 
loads data from TDR into TSR, ouq}uts the stop bit, then begins serial transmission of the 
next frame. If the TDRE flag is 1, the SCI sets the TEND flag in SSR to 1, outputs the stop 
bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a 
transmit-end interrupt (TEI) is requested at this time. 


Figure 13-11 shows an example of SCI transmit operation using a multiprocessor format. 



Figure 13-11 Example of SCI Transmit Operation (8-Bit Data with Multiprocessor Bit and 

One Stop Bit) 
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Receiving Multiprocessor Serial Data: Figure 13-12 shows a sample flowchart for receiving 
multiprocessor serial data and indicates the procedure to follow. 


initialize 


] 1 


( Start receiving j 



I Read RDRF flag in SSR | 3 
No 



I Read receive data from RPR | 
No 



I Read receive data from RPR | 
No 



1. SCI initialization: the receive data function 
of the RxD pin is selected automatically. 

2. ID receive cycle: set the MPIE bit to 1 in SCR. 

3. SCI status check and ID check; read SSR, 
check that the RDRF flag is set to 1. then read 
data from RDR and compare with the 
processor’s own ID. if the ID does not match, 
set the MPIE bit to 1 again and dear the 
RDRF flag to 0. If the ID matches, clear the 
RDRF flag to 0. 

4. SCI status check and data receiving: read 
SSR, check that the RDRF flag is set to 1, 
then read data from RDR. 

5. Receive error harxiling arKi break detection: 
if a receive error occurs, read the 

ORER and FER flags in SSR to identify the error. 
After executing the necessary error handling, 
clear the ORER and FER flags both to 0. 
Receiving canrx)t resume while either the ORER 
or FER flag remains set to 1. When a framing 
error occurs, the RxD pin can be read to detect 
the break state. 


Clear RE bit to 0 in SCR 

T 

End 


C Error handling ^ 
(continued on next page) 


Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (1) 
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Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (2) 
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Figure 13-13 shows an example of SCI receive operation using a multiprocessor format. 


Start Stop Start Stop 

1 bit Data (101) MPB bit bit Data(datal) MPB bit 


ESI 

El 

M 

El 

a 


LiJ 


la 

•1 



r 


1 


Idle (mark) 
state 



interrupt), MPIE * 0 RDRF flag to 0 to 1 again 


a. C^n ID does not match data 


1 

Start 

bit 

Stop 

Data (102) MPB bit 

_R_ 

Start 

bit 

Stop 

Data (data2) MPB bit 1 

_It_ 


1 ^ 1 

1 ^ 1 

1 

M 


□J 

1 

1 ^ 1 

1 ^ 

LelJ 


1 1 

1 ^ 1 

1 Idle (mark) 

state 



interrupt), MPIE = 0 clears RDRF flag to 0 received by RXI 

interrupt handler 


b. Own ID matches data 


Figure 13-13 Example of SCI Receive Operation (8-Bit Data with Multiprocessor Bit and 

One Stop Bit) 
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133A Synchronous Operation 

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses. 
This mode is suitable for high-speed serial communication. 

The SCI transmitter and receiver share the same clock but are otherwise independent, so full 
duplex communication is possible. The transmitt^ and receiver are also double buffered, so 
continuous transmitting or receiving is possible by reading or writing data while transmitting or 
receiving is in progress. 

Figure 13-14 shows the general format in synchronous serial communication. 


Transfer direction 

One unit (character or frame) of serial data 


_M 

1 1 

L*_ 





LSB 

MSB 

■■ 



1 

1 

i 

1 



Don’t care Don’t care 


Note: * High except in continuous transmitting or receiving 


Figure 13-14 Data Format in Synchronous Communication 

In synchronous serial communication, each data bit is placed on the communication line from one 
falling edge of the serial clock to the next Data is guaranteed valid at the rise of the serial clock. 

In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After 
output of the MSB, the communication line remains in the state of the MSB. In synchronous mode 
the SCI receives data by synchronizing with the rise of the serial clock. 

Communication Format: The data length is fixed at 8 bits. No parity bit or multiprocessor bit 
can be added. 

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected by clearing or setting the CKEl bit in SCR. See table 13-9. 
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock 
pulses are output per transmitted or received character. When the SCI is not transmitting or 
receiving, the clock signal remains in the high state. When the SCI is only receiving, it receives in 
units of two characters, so it outputs 16 clock pulses. To receive in units of one character, an 
external clock source must be selected. 
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Transmitting and Receiving Data 

SCI Initialization (Synchronous Mode): Before transmitting or receiving, clear the TE and 
RE bits to 0 in SCR, then initialize the SCI as follows. 

When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing the TE bit to 0 sets the TORE flag to 1 and 
initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER, PER, and 
ORE flags and RDR, which retain their previous contents. 

Figure 13-15 is a sample flowchart for initializing the SCI. 



Start transmitting or receiving 


1. Select the dock source in SCR. Clear the RIE, TIE, TEIE, 
MPIE, TE. and RE bits to 0. 

2. Select the communication format In SMR. 

3. Write the value corresponding to the bit rate In BRR. 

This step is not necessary when an external clock is used. 

4. Wait for at least the interval required to transmit or receive 
one bit, then set the TE or RE bit to 1 in SCR. Also set 
the RIE, TIE, TEIE, and MPIE bits as necessary. 

Setting the TE or RE bit enables the SCI to use the 

TxD or RxD pin. 


Figure 13-15 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Synchronous Mode): Figure 13>16 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 



1. SCI initialization: the transmit data output function 
of the TxD pin is selected automatically. 

2. SCI status check and transmit data write: read SSR, 
check that the TORE flag is 1. then write transmit 
data in TOR and clear the TORE flag to 0. 

3. To continue transmitting serial data: after checking 
that the TORE flag is 1, indicating that data can be 
written, write data in TDR, then clear the TORE flag 
to 0. When the DMAC is activated by a transmit- 
data-empty interrupt request (TXI) to write data in 
TDR. the TORE flag is checked and cleared 
automatically. 


Figure 13-16 Sample Flowchart for Serial Transmitting 
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In transmitting serial data, the SQ operates as follows. 

• The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 

• After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock 
source is selected, the SCI outputs data in synchronization with the input clock. Data is output 
from the TxD pin in order from LSB (bit 0) to MSB (bit 7). 

• The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is 0, the 
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the 
TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, and after transmitting the MSB, 
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, a transmit-end 
interrupt (TEI) is requested at this time. 

• After the end of serial transmission, the SCK pin is held in a constant state. 
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Figure 13-17 shows an example of SCI transmit operation. 


Serial clock 

Serial data 

TORE 

TEND 


Transmit 

direction 



Figure 13-17 Example of SCI Transmit Operation 
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Receiving Serial Data: Figure 13-18 shows a sample flowchart for receiving serial data and 
indicates the procedure to follow. When switching from asynchronous mode to synchronous 
mode, make sure that the ORER, PER, and FER flags are cleared to 0. If the FER or PER flag is 
set to 1 the RDRF flag will not be set and both transmitting and receiving will be disabled. 



End 


1. SCI initialization: the receive data function of 
the RxD pin is selected automatically. 

2. 3. Receive error handling: if a receive error 

occurs, read the ORER flag in SSR, then after 
executing the necessary error handling, dear 
the ORER flag to 0. Neither transmitting nor 
receiving can resume while the ORER flag 
remains set to 1. 

4. SCI status check and receive data read: read 
SSR. check that the RDRF flag is set to 1. 
then read receive data from RDR and dear 
the RDRF flag to 0. Notification that the RDRF 
flag has changed from 0 to 1 can also be 
given by the RXI interrupt. 

5. To continue receiving serial data: check the 
RDRF flag, read RDR, and clear the RDRF 
flag to 0 before the MSB (bit 7) of the current 
frame is received, if the DMAC is activated 
by a receive-data-full interrupt request (RXI) 
to read RDR, the RDRF flag is cleared 
automatically. 


Figure 13-18 Sample Flowchart for Serial Receiving (1) 
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End 


Figure 13-18 Sample Flowchart for Serial Receiving (2) 

In receiving, the SCI operates as follows. 

• The SCI synchronizes with serial clock input or output and initializes internally. 

• Receive data is stored in RSR in order from LSB to MSB. 

After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be 
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received 
data is stored in RDR. If the check does not pass (receive error), the SCI operates as indicated 
in table 13-11. 

• After setting the RDRF flag to 1, if the RIE bit is set to 1 in SCR, the SCI requests a receive- 
data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCR is also set to 1, 
the SCI requests a receive-error interrupt (ERI). 
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Figure 13-19 shows an example of SCI receive operation. 



Figure 13-19 Example of SCI Receive Operation 


Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 13-20 
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates 
the procedure to follow. 
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End 


1. SCI initialization: the transmit data 
output function of the TxD pin and 
receive data input function of the 
RxD pin are selected, enabling 
simultaneous transmitting and 
receiving. 

2. SCI status check and transmit 
data write: read SSR, check that 
the TORE flag is 1, then write 
transmit data in TDR and dear 
the TORE flag to 0. 

Notification that the TORE flag has 
changed from 0 to 1 can also be 
given by the TXI interrupt 

3. Receive error handling: if a receive 
error occurs, read the ORER flag in 
SSR, then after executing the neces¬ 
sary error handling, clear the ORER 
flag to 0. 

Neither transmitting nor receiving 
can resume while the ORER flag 
remains set to 1. 

4. SCI status check and receive 
data read: read SSR, check that 
the RDRF flag is 1, then read 
receive data from RDR and clear 
the RDRF flag to 0. Notification 
that the RDRF flag has changed 
from 0 to 1 can also be given 

by the RXi interrupt. 

5. To continue transmitting and 
receiving serial data: check the 
RDRF flag, read RDR, and clear 
the RDRF flag to 0 before the 
MSB (bit 7) of the current frame 
is received. Also check that 

the TDRE flag is set to 1, indicat¬ 
ing that data can be written, write 
data in TDR. then clear the TDRE 
flag to 0 before the MSB (bit 7) of 
the current frame is transmitted. 
When the DMAC is activated by 
a transmit-data-empty interrupt 
request (TXI) to write data in TDR, 
the TDRE flag is checked and 
cleared automatically. When the 
DMAC is activated by a receive- 
data-tuil interrupt request (RXI) to 
read RDR, the RDRF flag Is 
cleared automatically. 


Note: ♦ When switching from transmitting or receiving to simultaneous 
transmitting and receiving, clear the TE aixJ RE bits both to 0, 
then set the TE and RE bits both to 1. 


Figure 13-20 Sample Flowchart for Serial Transmitting 
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13.4 SCI Interrupts 


The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error 
interrupt), RXI (receive-data-fuU interrupt), and TXI (transmit-data-empty interrupt). Table 13-12 
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled 
by the TIE, TEIE, and RIE bits in SCR. Each interrupt request is sent separately to the interrupt 
controller. 

The TXI interrupt is requested when the TORE flag is set to 1 in SSR. The TEI interrupt is 
requested when the TEND flag is set to 1 in SSR. The TXI interrupt request can activate the 
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. The 
TEI interrupt request cannot activate the DMAC. 

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is 
requested when the ORER, PER, or PER flag is set to 1 in SSR. The RXI interrupt request can 
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF 
flag to 0. The ERI interrupt request cannot activate the DMAC. 

The DMAC can be activated by interrupts from SCI channel 0. 


Table 13-12 SCI Interrupt Sources 


Interrupt 

Description 

Priority 

ERI 

Receive error (ORER, FER, or PER) 

High 

RXI 

Receive data register full (RDRF) 

i 


TXI 

Transmit data register empty (TDRE) 



TEI 

Transmit end (TEND) 

Low 
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13.5 Usage Notes 

Note the following points when using the SCI. 


TDR Write and TORE Flag: The TDRE flag in SSR is a status flag indicating the loading of 
transmit data from TDR into TSR. The SCI sets the TDRE flag to 1 when it transfers data from 
TDRtoTSR. 

Data can be written into TDR regardless of the state of the TDRE flag. If new data is written in 
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not 
yet been transferred to TSR. Before writing transmit data in TDR, be sure to check that the TDRE 
flag is set to 1. 

Simultaneous Multiple Receive Errors: Table 13-13 indicates the state of SSR status flags when 
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are 
not transferred to RDR, so receive data is lost 


Table 13-13 SSR Status Flags and Transfer of Receive Data 


SSR Status Flags 
RDRF ORER FER 


Receive Data 
Transfer 
RSR RDR 


Receive Errors 


1 

1 

0 

0 

X 

Overrun error 

0 

0 

1 

0 

o 

Framing error 

0 

0 

0 

1 

o 

Parity error 


1 1 0 X Overrun error + framing error 


1 1 0 1 X 


Overrun error + parity error 


0 0 1 1 O Framing error + parity error 

1 1 1 1 X Overrun error + framing error + parity error 


Notes: O: Receive data is transferred from RSR to RDR. 

X Receive data is not transferred from RSR to RDR. 
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly 
when a framing error (PER) is detected. In the break state the input from the RxD pin consists of 
all Os, so the PER flag is set and the parity error flag (PER) may also be set In the break state the 
SCI receiver continues to operate, so if the PER flag is cleared to 0 it will be set to 1 again. 

Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an I/O port, the 
level and direction (input or output) of which arc determined by DR and DDR bits. This feature 
can be used to send a break signal. 

After the serial transmitter is initialized, the DR value substitutes for the mark state until the TE 
bit is set to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR 
bits should therefore both be set to 1 beforehand. 

To send a break signal during serial transmission, clear the DR bit to 0, then clear the TE bit to 0. 
When the TE bit is cleared to 0 the transmitter is initialized, regardless of its current state, so the 
TxD pin becomes an output port outputting the value 0. 

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When a receive 
error flag (ORER, PER, or PER) is set to 1 the SCI will not start transmitting, even if the TDRE 
flag is cleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that 
clearing the RE bit to 0 does not clear the receive error flags to 0. 

Receive Data Sampling Timing in Asynchronous Mode and Receive Margin: In asynchronous 
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI 
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive 
data is latched at the rising edge of the eighth base clock pulse. See figure 13-21. 
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Figure 13-21 Receive Data Sampling Timing in Asynchronous Mode 


The receive margin in asynchronous mode can therefore be expressed as in equation (1). 

M = l(0.5-—)-(L-0.5)F- (14-F)lx 100%.(1) 

2N N 

M: Receive margin (%) 

N: Ratio of clock frequency to bit rate (N = 16) 

D: Clock duty cycle (D = 0 to 1.0) 

L: Frame length (L = 9 to 12) 

F: Absolute deviation of clock frequency 

From equation (1), if F = 0 and D = 0.5 the receive margin is 46.875%, as given by equation (2). 
D =0.5,F = 0 

M = [0.5 - 1/(2 X 16)] X 100% 

= 46.875%.(2) 

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%. 
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Restrictions on Usage of DM AC 

• When an external clock source is used for the serial clock, after the DMAC updates TDR, 
allow an interval of at least five system clock ( 0 ) cycles before input of the serial clock to 
start transmitting. If the serial clock is input within four states of the TDR update, a 
malfunction may occur. (See figure 13-22.) 

• To have the DMAC read RDR, be sure to select the SQ receive-data-full interrupt (RXI) as 
the activation source with bits DTS2 to DTSO in DTCR. 















Figure 13-22 Synchronous Transmission Using DMAC (Example) 
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Section 14 A/D Converter 


14.1 Overview 

The H8/3042 Series includes a 10-bit successive-approximations A/D converter with a selection 
of up to eight analog input channels. 

14.1.1 Features 

A/D converter features are listed below. 

• 10-bit resolution 

• Eight input channels 

• Selectable analog conversion voltage range 

The analog voltage conversion range can be programmed by input of an analog reference 
voltage at the Vref P'*'* 

• High-speed conversion 

Conversion time: maximum 8.4 ps per channel (with 16 MHz system clock) 

• Two conversion modes 

Single mode: A/D conversion of one channel 

Scan mode: continuous conversion on one to four channels 

• Four 16-bit data registers 

A/D conversion results are transferred for storage into data registers corresponding to the 
channels. 

• Sample-and-hold function 

• A/D conversion can be externally triggered 

• A/D interrupt requested at end of conversion 

At the end of A/D conversion, an A/D end interrupt (ADI) can be requested. 


14 
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14.1.2 Block Diagram 

Figure 14-1 shows a block diagram of the A/D converter. 



Legend 

ADCR; A/D control register 
ADCSR: A/D control/status register 
ADDRA: A/D data register A 
ADDRB: A/D data register B 
ADDRC: A/D data register C 
ADDRD: A/D data register D 


Figure 14-1 A/D Converter Block Diagram 
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14.13 Input Pins 


Table 14-1 summarizes the A/D converter’s input pins. The eight analog input pins are divided 
into two groups: group 0 (ANq to AN 3 ), and group 1 (AN 4 to AN 7 ). AVcc and AVss are the 
power supply for the analog circuits in the A/D converter. is the A/D conversion reference 
voltage. 

Table 14-1 A/D Converter Pins 

Abbrevi- 


Pin Name 

ation 

I/O 

Function 

Analog power supply pin 

AVcc 

Input 

Analog power supply 

Analog ground pin 

AVss 

Input 

Analog ground and reference voltage 

Reference voltage pin 

Vref 

Input 

Analog reference voltage 

Analog input pin 0 

ANo 

Input 

Group 0 analog inputs 

Analog input pin 1 

ANi 

Input 


Analog input pin 2 

AN 2 

Input 


Analog input pin 3 

AN 3 

Input 


Analog input pin 4 

AN 4 

Input 

Group 1 analog inputs 

Analog input pin 5 

ANg 

Input 


Analog input pin 6 

ANs 

Input 


Analog input pin 7 

AN 7 

Input 


A/D external trigger input pin 

ADTRG 

Input 

External trigger input for starting A/D conversbn 
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14.1.4 Register Configuration 

Table 14-2 summarizes the A/D converter’s registers. 


Table 14-2 A/D Converter Registers 


Address*i 

Name 

Abbreviation 

RAV 

Initial Value 

H'FFEO 

A/D data register A (high) 

ADDRAH 

R 

H’OO 

HTFE1 

A/D data register A (low) 

ADDRAL 

R 

H’OO 

H'FFE2 

A/D data register B (high) 

ADDRBH 

R 

H’OO 

H'FFES 

A/D data register B (low) 

ADDRBL 

R 

H’OO 

H’FFE4 

A/D data register C (high) 

ADDRCH 

R 

H’OO 

H’FFES 

A/D data register C (low) 

ADDRCL 

R 

H’OO 

H’FFE6 

A/D data register D (high) 

ADDRDH 

R 

H’OO 

H'FFE7 

A/D data register D (low) 

ADDRDL 

R 

H’OO 

H'FFES 

A/D control/status register 

ADCSR 

R/(W)‘2 

H’OO 

H’FFE9 

A/D control register 

ADCR 

R/W 

H7E 

Notes: 1. 

Lower 16 bits of the address 





2. Only 0 can be written in bit 7, to clear the flag. 
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14.2 Register Descriptions 

14.2.1 A/D Data Registers A to D (ADDRA to ADDRD) 


Bit 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

ADDRn 

AD9 

ADS 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 


1 — 

— 


— 1 

1-1 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 


(n - A to D) I I 

A/D conversion data Reserved bits 

10 -bit data giving an 
A/D conversion result 


The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the 
results of A/D conversion. 

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data 
register corresponding to the selected channel. The upper 8 bits of the result are stored in the 
upper byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an 
A/D data register are reserved bits that always read 0. Table 14-3 indicates the pairings of analog 
input channels and A/D data registers. 

The CPU can always read and write the A/D data registers. The upper byte can be read directly, 
but the lower byte is read through a temporary register (TEMP). For details see section 14.3, CPU 
Interface. 

The A/D data registers are initialized to H*(XXX) by a reset and in standby mode. 

Table 14-3 Analog Input Channels and A/D Data Registers 
Analog Input Channel 


Group 0 Group 1 A/D Data Register 


ANo 

AN4 

ADDRA 

ANi 

ANs 

ADDRB 

AN2 

ANg 

ADDRC 

AN3 

AN7 

ADDRD 
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14^.2 A/D Control/Status Register (ADCSR) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


ADF 

ADIE 

ADST 

SCAN 

CKS 

CH 2 

CHI 

CHO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/(W)* 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 


Channel select 2 to 0 
These bits select analog 
input channels 

Clock select 

Selects the A/D conversion time 

Scan mode 

Selects single mode or scan mode 

A/D start 

Starts or stops A/D conversion 

A/D Interrupt enable 

Enables and disables A/D end interrupts 

A/D end flag 

Indicates end of A/D conversion 


Note: ♦ Only 0 can be written, to clear the flag. 

ADCSR is an 8-bit readable/wriiable register that selects the mode and controls the A/D converter. 
ADCSR is initialized to H’OO by a reset and in standby mode. 
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion. 


Bit 7 


ADF 

Description 


0 

[Clearing condition] 

Cleared by reading ADF while ADF « 1, then writing 0 in ADF 

(Initial value) 

1 

[Setting conditions] 

Single mode: A/D conversion ends 

Scan mode; A/D conversion ends in all selected channels 



Bit 6— A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the 
end of A/D conversion. 

Bite 


ADIE 

Description 



A/D end interrupt request (ADI) is disabled 

(Initial value) 

1 

A/D end interrupt request (ADI) is enabled 



Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during 
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin. 

Bits 

ADST Description 

0 A/D conversion is stopped (Initial value) 

1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion 

ends. 

Scan mode: A/D conversion starts and continues, cycling among the selected channels, 
until ADST is cleared to 0 by software, by a reset, or by a transition to standby mode. 
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Bit 4 —Scan Mode (SCAN): Selects single mode ot scan mode. For furtha information on 
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching 
the conversion mode. 

Bit 4 


SCAN 

Description 


0 

Single mode 

(Initial value) 

1 

Scan mode 



Bit 3—Clock Select (CKS): Selects the A/D conversion time. Clear the ADST bit to 0 before 
switching the conversion time. 

Bits 


CKS 

Description 



Conversion time = 266 states (maximum) 

(Initial value) 

1 

Conversion time = 134 states (maximum) 



Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHO): These bits and the SCAN bit select the analog 
input channels. Clear the ADST bit to 0 before changing the channel selection. 


Group 

Selection 

Channel Selection 


Description 

CH2 

CH1 

CHO 

Single Mode 

Scan Mode 

0 

0 

0 

ANq (Initial value) 

ANq 



1 

ANi 

ANo. AN, 


1 

0 

ANg 

ANq to AN2 



1 

ANa 

ANq to AN3 

1 

0 

0 

AN4 

AN4 



1 

ANg 

AN4, ANg 


1 

0 

ANg 

AN4tO ANq 



1 

AN7 

AN4 to AN7 
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14.2 J A/D Control Register (ADCR) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


TRGE 

— 

— 

— 

— 

— 

— 

— 

Initial value 

0 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

R/W 

— 

— 

— 

— 

— 

— 

— 


Reserved bits 


Trigger enabie 

Enables or disables external triggering of A/D cx)nversion 

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D 
conversion. ADCR is initialized to ITTF by a reset and in standby mode. 

Bit 7—^TVigger Enable (TRGE): Enables or disables external triggering of A/D conversion. 

Bit 7 

TRGE Description 

0 A/D conversion cannot be externally triggered (initial value) 

1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG) 


Bits 6 to 0—Reserved: Read-only bits, always read as 1. 







14.3 CPU Interface 


ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus. 
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is read 
through an 8-bit tempOTary register (TEMP). 

An A/D data register is read as follows. When the upper byte is read, the upper-byte value is 
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the 
lower byte is read, the TEMP contents are transferred to the CPU. 

When reading an A/D data register, always read the upper byte before the lower byte. It is possible 
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained. 


Figure 14-2 shows the data flow for access to an A/D data register. 


Upper-byte read 


CPU 

(H*AA) 



Lower-byte read 


CPU 

(H*40) 



Figure 14-2 A/D Data Register Access Operation (Reading H'AA40) 
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14.4 Operation 

The A/D converter operates by successive approximations with 10-bit resolution. It has two 
operating modes: single mode and scan mode. 

14.4.1 Single Mode (SCAN = 0) 

Single mode should be selected when only one A/D conversion on one channel is required. A/D 
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The 
ADST bit remains set to 1 during A/D conversion and is automatically cleared to 0 when 
conversion ends. 

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt is 
requested at this time. To clear the ADF flag to 0, first read ADCSR, then write 0 in ADF. 

When the mode or analog input channel must be switched during analog conversion, to prevent 
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making 
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be 
set at the same time as the mode or channel is changed. 

Typical operations when channel 1 (ANi) is selected in single mode are described next. 

Figure 14-3 shows a timing diagram for this example. 

1. Single mode is selected (SCAN = 0), input channel ANj is selected (CH2 = CHI = 0, 

CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started 
(ADST=:1). 

2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time 
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle. 

3. Since ADF = 1 and ADIE = 1, an ADI interrupt is requested. 

4. The A/D interrupt handling routine starts. 

5. The routine reads ADCSR, then writes 0 in the ADF flag. 

6. The routine reads and processes the conversion result (ADDRB). 

7. Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to 1, 
A/D conversion starts again and steps 2 to 7 are repeated. 
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Figure 14-3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected) 


A/D conversion 1 Set * 
starts X- 


1 

:-^ 

, Clear* 

(M 

- 

—--j 

-^ 


State of channel 0 i 

(ANo) I 

State of channel 1 i 

(ANi) I 

State of channel 2 i 

(AN2) I 

State of channel 3 1 
(AN 3 ) I 


^/D conversion 0* 


A/D conversion ( 


I Read conversion result 
A/D conversion result 0 


Note: ^Vertical arrows (|) indicate instructions executed by software. 



[ Read conversion result 
A/D conversion result (2) 




14.4.2 Scan Mode (SCAN = 1) 


Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the 
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first 
channel in the group (ANq when CH2 = 0, AN 4 when CH2 = 1 ). When two or more channels are 
selected, after conversion of the first channel ends, conversion of the second channel (ANj or 
AN 5 ) starts immediately. A/D conversion continues cyclically on the selected channels until the 
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data 
registers corresponding to the channels. 

When the mode or analog input channel selection must be changed during analog conversion, to 
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After 
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the 
first channel in the group. The ADST bit can be set at the same time as the mode or channel 
selection is changed. 

Typical operations when three channels in group 0 (ANq to AN 2 ) are selected in scan mode are 
described next Figure 14-4 shows a timing diagram for this example. 

1 . Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels 
ANq to AN 2 are selected (CHI = 1, CHO = 0), and A/D conversion is started (ADST = 1). 

2. When A/D conversion of the first channel (ANq) is completed, the result is transferred into 
ADDRA. Next conversion of the second channel (ANj) starts automatically. 

3. Conversion proceeds in the same way through the third channel (AN 2 ). 

4. When conversion of all selected channels (ANq to AN 2 ) is completed, the ADF flag is set to 1 
and conversion of the first channel (ANq) starts again. If the ADIE bit is set to 1, an ADI 
interrupt is requested at this time. 

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is 
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion 
starts again from the first channel (ANq). 
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Figure 14-4 Example of A/D Converter Operation (Scan Mode, 
Channels ANq to AN 2 Selected) 


Continuous A/D conversion 



ADDRD 


Notes: 1. Vertical arrows (|) indicate instructions executed by software. 
2. Data currently being converted is ignored. 



14.4<3 Input Sampling and A/D Conversion Time 

The A/D converter has a built-in sample-and-hold circuit The A/D converter samples the analog 
input at a time to after the ADST bit is set to 1, then starts conversion. Figure 14-5 shows the A/D 
conversion timing. Table 14-4 indicates the A/D conversion time. 

As indicated in figure 14-5, the A/D conversion time includes to and the input sampling time. The 
length of to varies depending on the timing of the write access to ADCSR. The total conversion 
time therefore varies within the ranges indicated in table 14-4. 

In scan mode, the values given in table 14-4 apply to the first conversion. In the second and 
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states 
when CKS = 1. 



Figure 14-5 A/D Conversion Timing 
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Table 14-4 A/D Conversion Time (Single Mode) 





CKS = 0 



CKSs1 



Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Synchronization delay 

h 

10 

— 

17 

6 

— 

9 

Input sampling time 

*SPL 

— 

80 

— 

— 

40 

— 

A/D conversion time 

*CONV 

259 

— 

266 

131 

— 

134 


Note: Values in the table are numbers of states. 


14.4.4 External Trigger Input Timing 

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, external 
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the 
ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan 
modes, are the same as if the ADST bit had been set to 1 by software. Figure 14-6 shows the 
timing. 
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14.5 Interrupts 

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt 
request can be enabled or disabled by the ADIE bit in ADCSR. 


14.6 Usage Notes 

When using the A/D converter, note the following points: 

Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input pins 
ANn should be in the range AVgs ^ AN„ ^ V^gp. (n = 0 to 7) 

AVcc AVss Input Voltages: AVss should have the following value: AVgs = Vss- 
If the A/D converter is not used, the values should be AVcc = ^cc AVss = Vgs* 

Vref Input Range: The analog reference voltage input at the Vrrf should be in the range 
Vref - ^VD converter is not used, the value should be Vref = ^cc- 
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Section 15 D/A Converter 


15.1 Overview 

The H8/3042 Series includes a D/A converter with two channels. 

15.1.1 Features 

D/A converter features are listed below. 

• Eight-bit resolution 

• Two output channels 

• Conversion time: maximum 10 jis (with 20-pF capacitive load) 

• Output voltage: 0 V to Vrep 

15.1.2 Block Diagram 

Figure 15-1 shows a block diagram of the D/A converter. 



Figure 15-1 D/A Converter Block Diagram 
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15.U Input/Output Pins 

Table 15-1 summarizes the D/A converter’s input and ouq}ut pins. 
Table 15-1 D/A Converter Pins 


Pin Name 

Abbreviation 

I/O 

Function 

Analog power supply pin 

AVcc 

Input 

Analog power supply 

Analog ground pin 

AVss 

Input 

Analog ground and reference voltage 

Analog output pin 0 

DAo 

Output 

Anabg output, channel 0 

Analog output pin 1 

DAt 

Output 

Analog output, channel 1 

Reference voltage input pin 

Vref 

Input 

Reference voltage input 


15.1.4 Register Configuration 

Table 15-2 summarizes the D/A converter’s registers. 

Table 15-2 D/A Converter Registers 


Address* 

Name 

Abbreviation 

RAAf 

Initial Value 

H’FFDC 

D/A data register 0 

DADRO 

RAW 

H’OO 

H'FFDD 

D/A data register 1 

DADR1 

RAW 

H’OO 

H'FFDE 

D/A control register 

DACR 

RAW 

H’lF 


Note: * Lower 16 bits of the address 
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15.2 Register Descriptions 

15.2.1 D/A Data Registers 0 and 1 (DADRO/1) 

Bit 7 6 5 4 3 21 0 

Initial value 00000000 
ReadAA/rite RAV RA/V FIW RW R/W R/W R/W FIW 

The D/A data registers (DADRO and DADRl) are 8-bit readable/writable registers that store the 
data to be converted. When analog output is enabled, the D/A data register values are constantly 
converted and output at the analog output pins. 

The D/A data registers are initialized to ITOO by a reset and in standby mode. 

15.2.2 D/A Control Register (DACR) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DAOE 1 

DAOEO 

DAE 

— 

— 

•— 

— 

— 

Initial value 

0 

0 

0 

1 

1 

1 

1 

1 

Read/Write 

R/W 

RM 

RAW 

— 

— 

— 

— 



•- D/A enable 

Controls D/A conversion 

D/A output enable 0 

Controls D/A conversion and analog output 


D/A output enable 1 

Controls D/A conversion and analog output 


DACR is an 8-bit r<^dable/writable register that controls the operation of the D/A converter. DACR 
is initialized to H’lF by a reset and in standby mode. 
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Bit 7— D/A Output Enable 1 (DAOEl): Controls D/A conversion and analog output 


Bit? 

DAOEl 

Description 

0 

DA^ analog output is disabled 

1 

Channei-1 D/A conversion and DA^ anabg output are enabled 


Bit 6— D/A Output Enable 0 (DAOEO): Controls D/A conversion and analog ouqjut 


Bite 

DAOEO 

Description 

0 

DAq analog output is disabled 

1 

Channei'O D/A conversion and DAq analog output are enabled 


Bit 5— D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEl. 
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0 
and 1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1. 
Output of the conversion results is always controlled independently by DAOEO and DAOEl. 


Bit? 

DAOEl 

Bite 

DAOEO 

Bits 

DAE 

Description 

0 

0 

— 

D/A conversion is disabled in channels 0 and 1 

0 

1 

0 

D/A conversion is enabled in channel 0 

0 /A conversion is disabled in channel 1 

0 

1 

1 

D/A conversion is enabled in channels 0 and 1 

1 

0 

0 

D/A conversion is disabled In channel 0 

D/A conversion is enabled in channel 1 

1 

jQiiiiiiim 

1 

D/A conversion is enabled in channels 0 and 1 

1 

1 

— 

D/A conversion Is enabled in channels 0 and 1 


When the DAE bit is set to 1, even if bits DAOEO and DAOEl in DACR and the ADST bit in 
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D 
and D/A conversion. 

Bits 4 to 0—Reserved: Read-only bits, always read as 1. 
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153 Operation 


The D/A converter has two built-in D/A conversion circuits that can perform conversion 
independently. 

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADRl value 
is modified, conversion of the new data begins immediately. The conversion results are output 
when bits DAOEO and DAOEl are set to 1. 

An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 15-2. 

1 . Data to be converted is written in DADRO. 

2. Bit DAOEO is set to 1 in DACR. D/A conversion starts and DAq becomes an output pin. The 
converted result is output after the conversion time. The output value is (DADRO contents/256) 
X Vrep. Output of this conversion result continues until the value in DADRO is modified or the 
DAOEO bit is cleared to 0. 

3. If the DADRO value is modified, conversion starts immediately, and the result is output after 
the conversion time. 

4. When the DAOEO bit is cleared to 0, DAq becomes an input pin. 


DADRO DACR DADRO DACR 

write cycle write cycle write cycle write cycle 


0 


Address -V-S/-V-S/- V - V - 

bus _-A_A_A_A_A_A_A— 


DADRO X Conversion data 1 Y Conversion data 2 







DAOEO 


Conversion 
result 1 


DAn 


Conversion 
result 2 


High-impedance state 



toCONV 

toCONV 


Legend 

tocoNV- conversion time 


Figure 15-2 Example of D/A Converter Operation 
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Section 16 RAM 


16 


16.1 Overview 

The H8/3042 Series has 2 kbytes of on-chip static RAM. The RAM is connected to the CPU by a 
16-bit data bus. The CPU accesses both byte data and word data in two states, making the RAM 
suitable for rapid data transfer. 

The on-chip RAM is assigned to addresses HTF710 to FTFFFOF in modes 1,2,5, and 7, addresses 
H’FFFTIO to H'FFFFOF in modes 3 and 4, and addresses H*F710 to HTFOF in mode 6. The RAM 
enable bit (RAME) in the system control register (SYSCR) can enable or disable the on-chip RAM< 

16.1.1 Block Diagram 

Figure 16-1 shows a block diagram of the on-chip RAM. 



Figure 16-1 RAM Block Diagram 
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16.1.2 Register ConHguration 

The on-chip RAM is controlled by SYSCR. Table 16-1 gives the address and initial value of 
SYSCR. 

Table 16-1 System Control Register 

Address* Name Abbreviation R/W Initiai Vaiue 

H’FFF2 System control register SYSCR R/W H'OB 

Note: * Lower 16 bits of the address. 
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16.2 System Control Register (SYSCR) 


Bit 76543210 


Initial value 
Read/Write 


RAM enable bit 

Enables or 
disables 
on-chip RAM 

Reserved bit 
NMI edge select 
User bit enable 
Standby timer select 2 to 0 

Software standby 


SSBY 

STS 2 

STS1 

STSO 

UE 

NMIEG 


RAME 

0 

0 

0 

0 

1 

0 

1 

1 

FVW 

R)W 

RA/V 

RAA^ 

RAV 

R/W 

—- 

RAV 


One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is 
enabled or disabled by the RAME bit in SYSCR. For details about the other bits, see section 3.3, 
System Control Register. 

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is initialized 
at the rising edge of the input at the RES pin. It is not initialized in software standby mode. 

BltO 


RAME 

Description 


0 

On-chip RAM is disabled 


1 

On-chip RAM is enabled 

(Initial value) 
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16.3 Operation 


When the RAME bit is set to 1, accesses to addresses HTF710 to ITFFFOF in modes 1,2,5, and 7, 
addresses H*FFF710 to H*FFFF0F in modes 3 and 4, and addresses tTFTlO to HTFOF in mode 6 are 
directed to the on-chip RAM. In modes 1 to 5 (expanded modes), when the RAME bit is cleared to 
0, the off-chip address space is accessed. In modes 6 and 7 (single-chip modes), when the RAME 
bit is cleared to 0, the on-chip RAM is not accessed: write access is ignored, and read access always 
returns HFF. 

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written and 
read by word access. It can also be written and read by byte access. Byte data is accessed in two 
states using the upper 8 bits of the data bus. Word data starting at an even address is accessed in 
two states using all 16 bits of the data bus. 
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Section 17 ROM 


17.1 Overview 

The H8/3042 has 64 kbytes of on-chip ROM, the H8/3041 has 48 kbytes, and the H8/3040 has 
32 kbytes. The ROM is connected to the CPU by a 16-bit data bus. The CPU accesses both byte 
data and word data in two states, enabling rapid data transfer. 

The mode pins (MD 2 to MDq) can be set to enable or disable the on-chip ROM as indicated in 
Itable 17-1. 



Table 17-1 Operating Mode and ROM 


Mode Pins 


Mode 

MD2 

MD^ 

MDo 

On-Chip ROM 

Mode 1 (1-Mbyte expanded mode with on-chip ROM disabled) 

0 

0 

1 

Disabled 

Mode 2 ( 1 -Mbyte expanded mode with on-chip ROM disabled) 

0 

1 

0 

(external 
address area) 

Mode 3 ( 16 -Mbyte expanded mode with on-chip ROM disabled) 

0 

1 

1 

Mode 4 ( 16 -Mbyte expanded mode with on-chip ROM disabled) 

1 

0 

0 


Mode 5 (1-Mbyte expanded mode with on-chip ROM enabled) 

1 

0 

1 

Enabled 

Mode 6 (single-chip normal mode) 

1 

1 

0 


Mode 7 (single-chip advanced mode) 

1 

1 

1 



The PROM version of the H8/3042 can be set to PROM mode and programmed with a general- 
purpose PROM programmer. 
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17.1.1 Block Diagram 

Figure 17-1 shows a block diagram of the ROM. 
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17.2 PROM Mode 

17.2.1 PROM Mode Setting 

In PROM mode, the H8/3042 version with on-chip PROM suspends its microcontroller functions, 
enabling the on-chip PROM to be programmed. The programming method is the same as for the 
HN27C101, except that page programming is not supported. Table 17-2 indicates how to select 
PROM mode. 

Table 17-2 Selecting PROM Mode 


Pins 

Setting 

Three mode pins {MD2. MD^, MDq) 

Low 

BTBY pin 

P 5 i and PSq 

High 


17.2.2 Socket Adapter and Memory Map 

The PROM is programmed using a general-purpose PROM programmer with a socket adapter to 
convert to 32 pins. Table 17-3 lists the socket adapter for each package option. Figure 17-2 shows 
the pin assignments of the socket adapter. Figure 17-3 shows a memoiy map in PROM mode. 

Table 17-3 Socket Adapter 

Microcontroller Package Socket Adapter 

H 8/3042 100 -pin QFP (FP-1OOB) HS 3042 ESH 01 H 

100 -pin TQFP (TFP-1 OOB) HS 3042 ESN 01 H 


The size of the H8/3042 PROM is 64 kbytes. Figure 17-3 shows a memory map in PROM mode. 
HTF data should be specified for unused address areas in the on-chip PROM. 

When programming the H8/3042 with a PROM programmer, set the address range to H'OOOO to 
H'FFFF and specify ITFF data for addresses HTOOOO and up. If HTOOOO and higher addresses are 
programmed by mistake, it may become impossible to program or verify the PROM. Attempts to 
program in page-programming mode may have the same result. 
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Figure 17-2 Socket Adapter Pin Assignments 
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Address in 
MCU mode 

H'OOOO 


HTFFF 



Address in 
PROM mode 

I H'OOOO 



H'FFFF 


H'lFFFF :.JH’IFFFF 


Note: ♦ If read in PROM mode, this area returns H'FF output data. 


Figure 17-3 H8/3042 Memory Map in PROM Mode 
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17.3 Programming 

Table 17-4 indicates how to select the program, verify, and other modes in PROM mode. 
Table 17-4 Mode Selection in PROM Mode 


Mode 






Pins 


CE 

OE 

PGM 

Vpp 

Vcc 

EOytoEOo 

EAi4 to EAq 

Program 

L 

H 

L 

Vpp 

Vcc 

Data input 

Address input 

Verify 

L 

L 

H 

Vpp 

O 

:> 

Data output 

Address input 

Program inhibited L 

L 

L 

Vpp 

Vcc 

High impedance 

Address input 


L 

H 

H 






H 

L 

L 






H 

H 

H 






Legend 

L: Low voltage level 
H: High voltage level 
Vpp: Vpp voltage level 
Vcc* Vqq voltage level 

Read/write specifications are the same as for the standard HN27C101 EPROM, except that page 
programming is not supported. Do not select page programming mode. A PROM programmer that 
supports only page-programming mode cannot be used. When selecting a PROM programmer, 
check that it supports a byte-at-a-time high-speed programming mode. Be sure to set the address 
range to H’OOOO to H’FFFF. 

173.1 Programming and Verification 

An efficient, high-speed programming procedure can be used to program and verify PROM data. 
This procedure programs the chip quickly without subjecting it to voltage stress and without 
sacrificing data reliability. Unused address areas contain HTF data. Figure 17-4 shows the basic 
high-speed programming flowchart. Tables 7-5 and 17-6 list the electrical characteristics of tlie chip 
during programming. Figure 17-5 shows a timing chart 
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Set programming/verification mode 
Vcc = 6,0 V ±0.25 V, Vpp = 12.5 V ±0.3 V 



Figure 17-4 High-Speed Programming Flowchart 
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Table 17-5 DC Characteristics 


—^Preliminary— 


(CondiUons: Vcc = 6.0 V ±0.25 V, Vpp = 12.5 V ±0.3 V, Vjs = 0 V. T, = 25°C ±5°C) 


Item 


Symbol 

Min 

TVP 

Max 

Unit 

Test Conditions 

Input high 
voltage 

EO 7 to EOq. 
EAi 6 to EAq, 

OE, CE, PGM 

V|H 

2.4 


Vcc + 0.3 

V 


Input low 
voltage 

EO 7 to EOq, 
EAi 6 to EAq, 

OE, CE. PGM 

V|L 

-0.3 


0.8 

V 


Output high 
voltage 

EO 7 to EOq 

VOH 

2.4 

— 

— 

V 

bn = "“200 pA 

Output low 
voltage 

EO 7 to EOq 

VoL 

— 

— 

0.45 

V 

Iql = 1.6 mA 

Input leakage 
current 

EO 7 to EOq, 
EAi 6 to EAq, 

OE. CE. PGM 

IIliI 



2 

HA 

V|n = 5.25 V/0.5 V 

Vcc current 


Ice 

— 

— 

40 

mA 


Vpp current 


Ipp 

— 

— 

40 

mA 
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Table 17-6 AC Characteristics 


(Conditions: Vcc = 6.0 V ±0.25 V, Vpp = 12.5 V ±0.3 V. = 25X ±5^C) 


Item 

Symbol 

Min 

Typ 

Max 

Unit Test Conditions 

Address setup time 

Us 

2 

— 

— 

ps Figure 17-5*'* 

OE setup time 

Vdes 

2 

— 

— 

ps 

Data setup time 

tps 

2 

— 

— 

ps 

Address hold time 

tAH 

0 

— 

— 

ps 

Data hold time 

tOH 

2 

— 

— 

ps 

Data output disable time 

tDF*2 

— 

— 

130 

ns 

Vpp setup time 

tyPS 

2 

— 

— , 

ps 

Programming pulse width 

tpw 

0.19 

0.20 

0.21 

ms 

PGM pulse width for overwrite 
programming 

*OPw’^ 

0.19 

— 

5.25 

ms 

Vcc setup time 

tvcs 

2 

— 

— 

ps 

CE setup time 

k:ES 

2 

— 

— 

ps 

Data output delay time 

k)E 

0 

— 

150 

ns 


Notes: 1 . Input pulse level: 0.8 V to 2.2 V 

Input rise time and fall time < 20 ns 

Timing reference levels: 1.0 V and 2.0 V for input; 0.8 V and 2.0 V for output 

2 . Xqp is defined at the point where the output is in the open state and the output level 
cannot be read. 

3. topw is defined by the value given in the flowchart. 
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Note: ♦ topw ‘s defined by the value given in the flowchart. 

Figure 17-5 PROM Program/Verify Timing 
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17 J.2 Programming Precautions 

• Program with the specified voltages and timing. 

The programming voltage (Vpp) in PROM mode is 12.5 V. 

Applied voltages in excess of the rated values can permanently destroy the chip. Be 
particularly careful about the PROM programmer’s overshoot characteristics. 

If the PROM programmer is set to Hitachi HN27C101 specifications, Vpp will be 12.5 V. 

• Before programming, check that the chip is correctly mounted in the PROM programmer. 
Overcurrent damage to the chip can result if the index marks on the PROM programmer, 
socket adapter, and chip are not correctly aligned. 

• Don’t touch the socket adapter or chip while programming. Touching either of these can cause 
contact faults and write errors. 

• Select the programming mode carefully. The chip cannot be programmed in page programming 
mode. 

• The H8/3042 PROM size is 64 kbytes. Set the address range to H’OOOO to HTFFF. When 
programming, assign HTF data to the unused address area (HTOOOO to HTFFFF). 


541 



17.4 Reliability of Programmed Data 


A highly effective way to improve data retention characteristics is to bake the programmed chips at 
150X, then screen them for data errors. This procedure quickly eliminates chips with PROM 
memory cells prone to early failure. 

Figure 17-6 shows the recommended screening procedure. 



Figure 17-6 Recommended Screening Procedure 


If a series of programming errors occurs while the same PROM programmer is in use, stop 
programming and check the PROM programmer and socket adapter for defects. Please inform 
Hitachi of any abnormal conditions noted during or after programming or in screening of program 
data after high-temperature baking. 
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Section 18 Clock Pulse Generator 


18.1 Overview 

The H8/3042 Series has a built-in clock pulse generate (CPG) that generates the system clock (0) 
and other internal clock signals {0/2 to 0/4096). The clock pulse generator consists of an oscillator 
circuit, a duty adjustment circuit, and prescalers. 

18.1.1 Block Diagram 

Figure 18-1 shows a block diagram of the clock pulse generator. 



Figure 18-1 Block Diagram of Clock Pulse Generator 









18.2 Oscillator Circuit 


Clcx:k pulses can be supplied by connecting a crystal resonator, or by input of an external clock 
signal. 

18.2.1 Connecting a Crystal Resonator 


Circuit Configuration: A crystal resonator can be connected as in the example in figure 18-2. 
The damping resistance Rd should be selected according to table 18-1. An AT-cut parallel- 
resonance crystal should be used. 



Cli 

EXTAL 

1 


CUD 

'' ■ 

XTAL 

- 1 1 - n 


Rd Cl2 ^ Cl, = Cl 2 “ 10pFto22pF 


Figure 18-2 Connection of Crystal Resonator (Example) 


Table 18-1 Damping Resistance Value 

Frequency (MHz) 2 4 8 10 12 16 

Rd (n) 1 k 500 200 0 0 0 


Crystal Resonator: Figure 18-3 shows an equivalent circuit of the crystal resonator. The crystal 
resonator should have the characteristics listed in table 18-2. 



Figure 18-3 Crystal Resonator Equivalent Circuit 
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Table 18-2 Crystal Resonator Parameters 


Frequency (MHz) 

2 

4 

8 10 12 

16 

Rs max (Q) 

500 

120 

80 70 60 

50 

Co(pF) 



7 pF max 



Use a crystal resonator with a frequency equal to the system clock frequency (0). 

Notes on Board Design: When a crystal resonator is connected, the following points should be 
noted: 

Other signal lines should be routed away from the oscillator circuit to prevent induction from 
interfering with correct oscillation. See figure 18-4. 

When the board is designed, the crystal resonator and its load capacitors should be placed as close 
as possible to the XTAL and EXTAL pins. 



Figure 18-4 Example of Incorrect Board Design 
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18^.2 External Clock Input 

Circuit Connguration: An external clock signal can be input as shown in the examples in 
figure 18-5. In example b, the clock should be held high in standby mode. 

If the XTAL pin is left open, the stray capacitance should not exceed 10 pF. 


EXTAL 

-_| LJ LJ I_ clock input 

XTAL 

Open 


a. XTAL pin left open 

EXTAL 

- —j^J External clock input 

XTAL 

T 74HC04 

b. Complementary clock input at XTAL pin 


Figure 18-5 External Clock Input (Examples) 
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External Clock: The external clock frequency should be equal to the system clock frequency (0). 
Table 18-3 and figure 18-6 indicate the clock timing. 

Table 18-3 Clock Timing 


Vcc* 




2.7 V to 5.5 V 

Vcc = 

5.0 V ± 10% 



Item 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Test Conditions 

External clock input 
low pulse width 

<EXL 

40 

— 

20 

— 

ns 

Figure 18-6 

External clock input 
high pulse width 

^EXH 

40 

— 

20 

— 

ns 


External clock rise 
time 

tEXr 

— 

10 

— 

5 

ns 


External clock fall 
time 

*EXt 

— 

10 

— 

5 

ns 


Clock low pulse 

tCL 

0.4 

0.6 

0.4 

0.6 

Icyc 

0 > 5 MHz Figure 

width 


80 

— 

80 

— 

ns 

0 <5MHz 20-4 

Clock high pulse 

<CH 

0.4 

0.6 

0.4 

0.6 

Icyc 

0 > 5 MHz 

width 


80 

— 

80 

— 

ns 

0 <5 MHz 


EXTAL 

1 

'exh 

tEXL 



1 

f 1 

tEXr ^ 

^Vcc X 0.5 

- 

•^tEXf 



Figure 18-6 External Clock Input Timing 
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18.3 Duty Adjustment Circuit 


When the oscillator frequency is 5 MHz or higha*, the duty adjustment circuit adjusts the duty 
cycle of the clock signal from the oscillator to generate the system clock (0). 


18.4 Prescalers 

The prescalers divide the system clock (0) to generate internal clocks (0/2 to 0/4096). 
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Section 19 Power-Down State 


19.1 Overview 

The H8/3042 Series has a power-down state that greatly reduces power consumption by halting 
CPU functions. The power-down state includes the following three modes: 

• Sleep mode 

• Software standby mode 

• Hardware standby mode 

Table 19-1 indicates the methods of entering and exiting these power-down modes and the status 
of the CPU and on-chip supporting modules in each mode. 

Table 19-1 Power-Down State 


state 



Entering 



CPU 


Refresh 

Supporting 


I/O 

Exiting 

Mode 

Conditions 

Clock 

CPU 

Registers DMAC 

Controller 

Functions 

RAM 

Ports 

Conditions 

Sleep 

SLEEP instruc- 

Active 

Halted 

Held 

Active 

Active 

Active 

Held 

Held 

• interrupt 

mode 

tion executed 









•RES 


while SSBY » 0 
in SYSCR 









•STBY 

Software 

SLEEP instruc¬ 

Halted 

Halted 

Held 

Halted 

Halted 

Halted 

Held 

Held 

•NMi _ 

standby 

tion executed 




and 

and 

and 



• IRQq to IRQ 2 

mode 

while SSBY «1 




reset 

held*i 

reset 



• Ms 


in SYSCR 









•STBY 

Hardware 

Low input at 

Halted 

Halted 

Undeter¬ 

Halted 

Halted 

Halted 

Held*2 High 

•STBY 

standby 

STBY pin 



mined 

and 

and 

and 


impedance 

•RES 

mode 





reset 

reset 

reset 





Notes: 1. RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their previous states. 

2. The RAME bit must be cleared to 0 in SYSCR before the transition from the program execution state to hardware 
standby mode. 

Legend 

SYSCR: System control register 
SSBY: Software standby bit 
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19.2 Register Conflguration 

The internal system control register (SYSCR) controls the power-down state. Table 19-2 
summarizes this register. 

Table 19-2 Control Register 

Address* Name Abbreviation R/W Initial Value 

H'FFF2 System control register SYSCR R/W H'OB 

Note: * Lower 16 bits of the address. 


192.1 System Control Register (SYSCR) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


SSBY 

STS2 

STS1 

STSO 

UE 

NMIEG 

— 

RAME 

Initial value 

0 

0 

0 

0 

1 

0 

1 

1 

Read/Write 

RAN 

R/V^ 

RAN 

RAN 

RAN 

RAN 

— 

RAN 


RAM enable 


Reserved bit 

NMI edge select 

User bit enable 

Standby timer select 2 to 0 
These bits select the 
waiting time at exit from 
software standby mode 

Software standby 
Enables transition to 
software standby mode 


SYSCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits 6 to 4 (STS2 to STSO) control 
the power-down state. For information on the other SYSCR bits, see section 3.3, System Control 
Register. 


550 





Bit 7 —Software Standby (SSBY): Enables transition to software standby mode. When software 
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal 
operation. To clear this bit, write 0. 

Bit 7 

SSBY Description 


0 

SLEEP instruction causes transition to sleep mode 

(Initial value) 

1 

SLEEP instruction causes transition to software standby mode 



Bits 6 to 4—Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the clock to settle when software standby mode is exited 
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to 
the clock frequency so that the waiting time will be at least 8 ms. See table 19-3. If an external 
clock is used, any setting is permitted. 


Bite 

STS2 

Bits 

STS1 

Bit 4 
STSO 

Description 


0 

0 

0 

Waiting time * 8192 states 

(Initial value) 



1 

Waiting time * 16384 states 



1 

0 

Waiting time = 32768 states 




1 

Waiting time « 65536 states 


1 

0 

— 

Waiting time « 131072 states 



1 

— 

illegal setting 
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19.3 Sleep Mode 

19 J,1 Transition to Sleep Mode 

When the SSBY bit is cleared to 0 in SYSCR, execution of the SLEEP instruction causes a 
transition from the program execution state to sleep mode. Immediately after executing the 
SLEEP instruction the CPU halts, but the contents of its internal registers are retained. The DMA 
controller (DMAC), refresh controller, and on-chip supporting modules do not halt in sleep mode. 

19 J.2 Exit from Sleep Mode 

Sleep mode is exited by an interrupt, or by input at the RES or STB Y pin. 

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt 
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting 
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by 
an interrupt other than NMI if the interrupt is masked in the CPU. 

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state. 

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby 
mode. 
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19.4 Software Standby Mode 

19.4.1 Transition to Software Standby Mode 

To enter software standby mode, execute the SLEEP instruction while the SSBY bit is set to 1 in 
SYSCR. 

In software standby mode, current dissipation is reduced to an extremely low level because the 
CPU, clock, and on<hip supporting modules all halL The DMAC and on-chip supporting 
modules are reset. As long as the specified voltage is supplied, however, CPU register contents 
and on-chip RAM data are retained. The settings of the I/O ports and refresh controller* are also 
held. 

Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their 
previous states. 

19.4.2 Exit from Software Standby Mode 

Software standby mode can be exited by input of an external inteirupt at the NMI, IRQq, IRQi, or 
IRQ 2 pin, or by input at the RES or STB Y pin. 

Exit by Interrupt: When an NMI, IRQo, IRQi, or IRQ2 interrupt request signal is received, the 
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO 
in SYSCR, stable clock signals are supplied to the entire chip, software standby mode ends, and 
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable 
bits of interrupts IRQo, IRQi, and IRQ2 are cleared to 0, or if these interrupts are masked in the 
CPU. 


Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are 
supplied immediately to the entire chip. The RES signal must be held low long enough for the 
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling. 

Exit by STBY Input: Low input at the STBY pin causes a transition to hardware standby mode. 
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19.4 J Selection of Waiting Time for Exit from Software Standby Mode 
Bits STS2 to STSO in SYSCR should be set as follows. 

Crystal Resonator: Set STS2 to STSO so that the waiting time (for the clock to stabilize) is at 
least 8 ms. Table 19-3 indicates the waiting times that are selected by STS2 to STSO settings at 
various system clock frequencies. 

External Clock: Any value may be set 

Table 19-3 Clock Frequency and Waiting Time for Clock to Settle 
Waiting 


STS2 

STS1 

STSO Time 

16 MHZ 12 MHz 10 MHz 8 MHz 

6 MHz 

4 MHz 

2 MHz Unit 

0 

0 

0 

8192 

states 

0.51 

0.65 

0.8 

1.0 

1.3 

2.0 

4.1 ms 

0 

0 

1 

16384 

states 

1.0 

1.3 

1.6 

2.0 

2.7 

4.1 1 

8.2 

0 

1 

0 

32768 

states 

2.0 

2.7 

3.3 

4.1 

5.5 1 

8.2 

16.4 

0 

1 

1 

65536 

states 

4.1 

5.5 

6.6 

8.2 

10.9 

16.4 

32.8 

1 

0 

— 

131072 

states 

1 8-2 1 

|10.9| 

LimJ 

16.4 

21.8 

32.8 

65.5 

1 

1 

— 

Illegal setting 








]: Recommended setting 
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19 A4 Sample Application of Software Standby Mode 

Figure 19-1 shows an example in which software standby mode is entered at the fall of NMI and 
exited at the rise of NMI. 

With the NMI edge select bit (NMIEG) cleared to 0 in SYSCR (selecting the falling edge), an 
NMI interrupt occurs. Next the NMBEG bit is set to I (selecting the rising edge) and the SSBY bit 
is set to 1; then the SLEEP instruction is executed to enter software standby mode. 

Software standby mode is exited at the next rising edge of the NMI signal. 


Clock 

oscillator 

0 






iMmnma 


NMI 

NMIEG 




SSBY 


NMI interrupt 
handler 
NMIEG = 1 
SSBY = 1 


Software standby Oscillator 
mode (power- settling time 

down state) (tosc2) 


SLEEP 

instruction 


NMI exception 
handling 


Figure 19-1 NMI Timing for Software Standby Mode (Example) 


19.4.5 Note 

The I/O ports retain their existing states in software standby mode. If a port is in the high output 
state, its output current is not reduced. 
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19.5 Hardware Standby Mode 

19^.1 Transition to Hardware Standby Mode 


Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin 
goes low. Hardware standby mode reduces power consumption drastically by halting all functions 
of the CPU, DMAC, refresh controller, and on-chip supporting modules. Ail modules are reset 
except the on-chip RAM. As long as the specified voltage is supplied, on-chip RAM data is 
retained. I/O ports are placed in the high-impedance state. 

Clear the RAME bit to 0 in SYSCR before STBY goes low to retain on-chip RAM data. 

The inputs at the mode pins (MD2 to MDO) should not be changed during hardware standby 
mode. 


19.5.2 Exit from Hardware Standby Mode 

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when 
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the 
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a 
transition to the program execution state. 

19S3 Timing for Hardware Standby Mode 

Figure 19-2 shows the timing relationships for hardware standby mode. To enter hardware standby 
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive 
STBY high, wait for the clock to settle, then bring RES from low to high. 


Clock 

oscillator 



RES 

_ 1 (_ 




) j 


STBY 

-- 




Oscillator 
settling time 


Reset 

exception 

handling 


Figure 19-2 Hardware Standby Mode Timing 
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Section 20 Electrical Characteristics 


20.1 Absolute Maximum Ratings 

Table 20-1 lists the absolute maximum ratings. 
Table 20-1 Absolute Maximum Ratings 


—^Preliminary— 




Item 

Symbol 

Value 

Unit 

Power supply voltage 

Vcc 

-0.3 to +7.0 

V 

Programming voltage 

Vpp 

-0.3 to+13.5 

V 

Input voltage (except port 7) 

V,N 

—0.3 to Vqq +0.3 

V 

Input voltage (port 7) 

V,N 

—0.3 to AVqq +0.3 

V 

Reference voltage 

Vref 

—0.3 to AVqq +0.3 

V 

Analog power supply voltage 

AVcc 

-0.3 to +7.0 

V 

Analog input voltage 

Van 

—0.3 to AVqq +0.3 

V 

Operating temperature 

Topr 

Regular specifications: -20 to +75 




Wide-range specifications: -40 to +85 


Storage temperature 

^stg 

-55 to +125 

OC 


Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded. 
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20.2 Electrical Characteristics 

20.2.1 DC Characteristics 

Table 20-2 lists the DC characteristics. Table 20-3 lists the permissible output currents. 
Table 20-2 DC Characteristics 


Conditions; Vex: = 5.0 V ± 10%, AVee = 5.0 V ± 10%, Vref = 4.5 V to AVee, 
Vss = AVss = 0 V*, T, = -20®C to +75®C (regular specifications), 
T, = -40°C to +85®C (wide-range specifications) 


Item 


Symbol 

Min 

nffTHI 

Max 

Unit 

Test Conditions 

Schmitt 

Port A, 

Vt- 

1.0 

— 

— 

V 



trigger input 
voltages 

P8() to P821 

Vt- 

— 

— 

VccxO.7 

V 



PBq to PB3 

Vt--Vt- 

0.4 

— 

— 

V 



Input high 
voltage 

RES, STBY, 
NMI, MD2to 
MDo 

V,H 

Vcc- 0.7 

— 

Vec 

V 




EXTAL 


VccxO.7 

— 

Vcc + 0.3 

V 




Port? 


2.0 

— 

AVcc + 0.3 V 




Ports 1,2, 3 , 
4 . 5 . 6. 9 . 

P83. P84. 

PB4 to PB7 


2.0 


Vcc + 0.3 

V 



Input low 
voltage 

RES. STBY, 
MD2 to MDq 

V,L 

-0.3 

— 

0.5 

V 




NMI. EXTAL. 
ports 1 , 2 , 3 , 
4 , 5 . 6. 7 . 9 . 
P83. P84. 

PB4 to PB7 


-0.3 


0.8 

V 



Output high 

All output pins Vqh 

vcc-0.5 

— 

— 

V 

•oH = 

-200 pA 

voltage 



3.5 

— 

— 

V 

•oH = 

-1 mA 


Note: * If the A/D and D/A converters are not used, do not leave the AVcc. AVss. and Vref P'ns 
open. Connect AVcc and Vref 1° Vcc. and connect AVss 1° Vss- 
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Table 20-2 DC Characteristics (cont) 


Conditions: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vr£f = 4.5 V to AVcc, 
Vss = AVss = 0 V*i, T, = -20®C to +75®C (regular specifications), 
Tg = -40°C to +85'’C (wide-range specifications) 


Item 


Symbol 

Mln 

Typ 

Max 

Unit 

Test Conditions 

Output low 
voltage 

All output pins Vql 
( except RESO) 

— 

— 

0.4 

V 

Iql = 1*6 m A 


Ports 1,2, 

5, and B 


— 

— 

1.0 

V 

Iql * 10 m A 


RESO 


— 

— 

0.4 

V 

Iql * 2.6 mA 

Input leakage STBY, NMI, 
current RES, 

|IinI 

— 

— 

1.0 

pA 

V|N “ to 

Vcc-0.5 V 


MD 2 to MDq 








Port? 


— 

— 

1.0 

pA 

V,N = 0.5 to 

AVcc-0.5 V 

Three-state 

leakage 

current 

Ports 1,2, 

3. 4. 5, 6. 

8to B 

I'tsiI 



1.0 

pA 

V|N = 0.5 to 

Vcc-0.5 V 

(off state) 

RESO 


— 

— 

10.0 

pA 

< O 

Input pull-up 
current 

Ports 2, 

4, and 5 

-Ip 

50 

— 

300 

pA 

> 

o 

n 

z 

> 

Input 

NMI 

C|N 

— 

— 

50 


V,N = 0V 

capacitance 

Ail input pins 
except NMI 


— 

— 

15 

_ 

f = 1 MHz 

Ta = 25“C 

Current 

Normal 

Ice 

— 

35 

55 

mA 

f = 10MHz 

dissipation'"^ 

operation 


— 

40 

65 

mA 

f = 12MHz 




— 

50 

80 

mA 

f = 16MHz 


Sleep mode 


— 

25 

40 

mA 

f = 10 MHz 




— 

30 

45 

mA 

f = 12MHz 




— 

35 

60 

mA 

f = 16MHz 


Standby 


— 

0.01 

5.0 

pA 

Ta<50»C 


mode*® 


— 

— 

20.0 

pA 

50“C<Ta 


Notes: 1. If the A/D and D/A converters are not used, do not leave the AVcc. AVss. 3*^*^ ^ref 
open. Connect AVcc s^d Vref to Vcc. s^d connect AVss to Vss- 

2. Current dissipation vaiues are for V|Hn,jn » Vcc “ 0-5 V and ViL^ax = 0-5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 

3. The values are for Vram ^ Vcc < 4.5 V, ViHmin = Vcc x 0.9, and V|Ln,ax = 0.3 V. 
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Table 20-2 DC Characteristics (cont) 


Condidons: Vqc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVco 
Vss = AVss = 0 V*i, T, = -20®C to +75°C (regular specifications), 
T, = -40°C to +85X (wide-range specifications) 


Item 


Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Analog power 
supply current 

During A/D 
conversion 

Alec 

— 

1.2 

2.0 

mA 



During A/D 
and D/A 
conversion 



2.0 

5.0 

mA 



Idle 


— 

0.01 

5.0 

pA 


Reference 

current 

During A/D 
conversion 

> 

o 

o 

— 

0.2 

0.5 

mA 

Vref “ 5.0 V 


During A/D 
and D/A 
conversion 



0.5 

1.0 

mA 



Idle 


— 

0.01 

5.0 

pA 


RAM standby voltage 

Vram 

2.0 

— 

— 

V 



Notes; 1. If the A/D and D/A converters are not used, do not leave the AVqc. AVss. ^REF 
open. Connect AVcc '^ref 1° ^cc. and connect AVss to Vss- 

2. Current dissipation values are for V|Hmin = Vcc - 0-5 V and V|Lmax “ 0-5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 

3. The values are for Vram < Vcc < 4-5 V, V|Hmin “ Vcc x 0-9. and V^max = 0.3 V. 
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Table 20-2 DC Characteristics (coat) 


Conditions; Vcc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 
Vss = AVss = 0 V*, Tj = -20°C to +75*C (regular specifications), 

T, = -40®C to +85°C (wide-range specifications) 


Item 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Schmitt 
trigger input 
voltages 

Port A, Vt- 

Vcc X 0.2 

— 

— 

V 


P 80 to P 82 , 

PBotoPBg n* 

— 

— 

Vcc X 0.7 

V 


Vt*-Vt- 

Vcc X 0.07 

— 

— 

V 


Input high 
voltage 

RE5. STBY, V|h 

NMI. MDzto 

MDo 

Vcc X 0.9 


Vcc + 

V 



EXTAL 

Vcc X 0.7 

— 

Vcc + 0.3 

V 



Port? 

Vcc X 0.7 

— 

AVcc + 0.3 

i V 



Ports 1. 2. 3.4, 

5. 6 , 9. P 83 . 

P 84 , PB 4 to PB 7 

Vcc X 0.7 


Vcc + 0.3 

V 


Input low 
voltage 

RES, STBY, V,L 

MD 2 to MDq 

-0.3 

— 

Vcc X 0.1 

V 



NMI. EXTAL, 
ports 1,2,3, 

4. 5. 6 . 7. 9. 

-0.3 


Vcc X 0.2 

V 

Vcc < 4.0 V 


P 83 , P 84 

PB 4 to PB 7 



0.8 

V 

Vcc = 

4.0 V to 5.5 V 

Output high 

All output pins Vqh 

Vcc- 0.5 

— 

— 

V 

*OH = -200 pA 

voltage 


< 

0 

0 

1 

b 

— 

— 

V 

Iqh = -1 mA 

Output low 
voltage 

All output pins Vql 
( except RESO) 

— 

— 

0.4 

V 

Iql = 5 1 .6 mA 


Ports 1,2, 

5, and B 



1.0 

V 

Vcc;£4V 

Iql = 8 mA, 

4 V < Vcc S 5.5 V 

Iql « 10 mA 









RESO 

— 

— 

0.4 

V 

Iql * 2.6 mA 

Input leakage STBY, NMI, |i||si| 
current RES, 

MD 2 to MDq 



1.0 

pA 

V|N = 0.5 to 

Vcc-0.5 V 


Port? 

— 

— 

1.0 

pA 

V|N = 0.5 to 

AVcc-0.5 V 


Note: ♦ If the A/D and D/A converters are not used, do not leave the Mcc> AVss. Vref 
pins open. Connect AVcc Vref Vcc. and connect AVss to Vss- 


561 







Table 20-2 DC Characteristics (cont) 


Conditions: Vcc = 2.7 V to 5.5 V, AWqc = 2.7 V to 5.5 V. Vref = 2.7 V to AVcc, 
Vss = AVss = 0 V*i, Tg = -20®C to +75®C (regular specifications), 
T, = -40°C to +85°C (wide-range speciHcations) 


Item 


Symbol 

Min 

tVp 

Max 

Unit 

Test Conditions 

Three-State 

leakage 

current 

Ports 1,2, 

3. 4. 5. 6 . 

8 to B 

[•tsiI 

— 

— 

1.0 

pA 

V|N “ 0.3 1 o 

Vcc-0.5 V 

(off state) 

RESO 


— 

— 

10.0 

pA 

Vifj = 0.5 to 

Vcc-0.5 V 

Input pull-up 
current 

Ports 2, 

4, and 5 

-Ip 

10 


300 

pA 

Vcc = 2.7 V to 

5.5 V. 

V,N- 0 V 

input 

NMi 

CiN 

— 

— 

50 

PF 

> 

O 

II 

z 

> 

capacitance 

All input pins 
except NMI 


— 

— 

15 


f = 1 MHz 
Ta-25*C 

Current 

dissipation*^ 

Normal 

operation 

O 

o 

— 

30 

(5.0 V) 

36.2 
(5.5 V) 

mA 

f. 8 MHz 


Sleep mode 


— 

20 

(5.0 V) 

27.4 
(5.5 V) 

mA 

f. 8 MHz 


Standby 


— 

0.01 

5.0 

pA 

Ta<50‘>C 


mode*3 


— 

— 

20.0 

pA 

50<’C < Ta 

Analog 

During A/D 

> 

o 

o 

— 

1.0 

2.0 

mA 

AVcc = 3.0 V 

power 

supply 

current 

conversion 


— 

1.2 

— 

mA 

AVcc = 5.0 V 

During A/D 


— 

1.8 

4.0 

mA 

AVcc = 3.0 V 


and D/A 
conversion 


— 

2.0 

— 

mA 

AVcc-5.0 V 


Idle 


— 

0.01 

5.0 

pA 



Notes: 1. If the A/D and D/A converters are not used, do not leave the AVcc. AVss. Vref P'^s 
open. Connect AVcc and Vref to Vcc. ®nd connect AVss to Vss- 

2 . Current dissipation values are for Vmrnin = Vcc - 0.5 V and V|l„«x = 0.5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 

3. The values are for Vram s Vcc < 2.7 V. ViRmin = Vcc ^ 0.9. and ViLmax * 0.3 V. 

4. Ice depends on Vcc ^nd f as follows: 

•ccmax = "I 0 (mA) + 0.8 (mA/MHz • V) x Vcc ^ ^ [normal mode] 

Iccmax = 1 -0 (mA) + 0.6 (mA/MHz • V) x Vcc ^ (sleep mode] 
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Table 20-2 DC Characteristics (cont) 


Conditions: Vcc = 2.7 V to 5.5 V, AWqc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 
Vgs = AVss = 0 V*, T, = -20°C to +75°C (regular specifications), 

T, = -40°C to +85°C (wide-range specifications) 


Item 

Symbol Min 

tvp 

Max 

Unit 

Test Conditions 

Reference During A/D 

Alec — 

0.1 

0.2 

mA 

Vref = 3.0 V 

current conversion 

— 

0.2 

— 

mA 

Vref “5.0 V 

During A/D 

— 

0.2 

0.4 

mA 

Vref “3.0 V 

and D/A 
conversion 

— 

0.5 

— 

mA 

Vref “5.0 V 

Idle 

— 

0.01 

5.0 

pA 


RAM standby voltage 

Vram 2.0 

— 

— 

V 


Note: ♦ If the A/D and D/A converters are not used, do not leave the AVcc. AVss. and Vr^p 
pins open. Connect AVcc and V^pp to Vcc. ^nd connect AVss ^ss- 

Table 20-3 Permissible Output Currents 

Conditions: Vcc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 

Vss = AVss = 0 V, Tj = -20®C to +75°C (regular specifications), 

T, = -40°C to +85''C (wide-range specifications) 

Item Symbol Min Typ Max Unit 

Permissible output 

Ports 1 , 2 , 5, and B 


*OL 

—- — 

10 mA 

low current (per pin) 

Other output pins 



— — 

2.0 mA 

Permissible output 
low current (total) 

Total of 28 pins in 
ports 1 , 2 , 5, and B 


Slot 

— — 

80 mA 


Total of all output pins, 
including the above 



— — 

120 mA 

Permissible output 
high current (per pin) 

All output pins 


■oh 

— — 

2.0 mA 

Permissible output 
high current (total) 

Total of all output pins 


IIqh 

— — 

< 

E 

o 


Notes: 1. To protect chip reliability, do not exceed the output current values in table 20-3. 

2 . When driving a darlington pair or LED, always insert a current-limiting resistor in the 
output line, as shown in figures 20-1 and 20-2. 
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Figure 20-1 Darlington Pair Drive Circuit (Example) 



Figure 20-2 LED Drive Circuit (Example) 
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20.2.2 AC Characteristics 


Bus timing parameters are listed in table 204. Refresh controller bus timing parameters are listed 
in table 20-5. Conu-ol signal timing parameters are listed in table 20-6. Timing parameters of the 
on-chip supporting modules are listed in table 20-7. 

Table 204 Bus Timing (1) 

Condition A: Vcc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 

Vss = AVcc = 0 V. 0 = 2 MHz to 8 MHz. T, = -20“C to +75°C (regular 
specifications), T, = -40*C to +85°C (wide-range specifications) 

Condition B: Wqc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc, 

Vss = AVss = 0 V. 0 = 2 MHz to 16 MHz. T, = -20'’C to +75°C (regular 
specifications), T, = -40*’C to +85®C (wide-range specifications) 


Condition A Condition B 




8 MHz 

10 MHz 

12 MHz 

16 MHz 

Teat 

Item 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit Conditions 

Clock cycle time 

k:YC 

125 

500 

100 

500 

83.3 

500 

62.5 

500 

ns Figure 20-4, 

Clock rise time 

tcR 

— 

20 

— 

10 

— 

10 

— 

10 

Figure 20-5 

Clock fail time 

tcF 

— 

20 

— 

10 

— 

10 

— 

10 


Address delay time 

fAD 

— 

60 

— 

40 

— 

35 

— 

30 


Address hold time 

‘ah 

25 

— 

20 

— 

15 

— 

10 

— 


Address strobe delay 
time 

^ASD 

— 

60 

— 

40 

— 

35 

— 

30 


Write strobe delay time 

'WSD 

— 

60 

— 

40 


35 

— 

30 


Strobe delay time 

^SD 

— 

60 

— 

40 

— 

35 

— 

30 


Write data strobe pulse 
width 1 

^WSWI* 

85 

— 

70 

— 

55 

— 

35 

— 


Write data strobe pulse 
width 2 

fwSW2* 

150 

— 

120 

— 

95 

— 

65 

— 


Address setup time 1 

^ASI 

20 

— 

15 

— 

10 

— 

10 

— 


Address setup time 2 

fAS2 

80 


65 

■— 

50 

— 

40 

— 


Read data setup time 

fRDS 

50 

— 

20 


20 

— 

20 

— 


Read data hold time 

^ROH 

0 

— 

0 

— 

0 


0 

— 
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Table 20*4 Bus Timing (cont) 

Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc, 
Vss = AVss = 0 V, 0 = 2 MHz to 8 MHz, T, = -20*C to +75‘>C (regular 
specifications), T, = -40X to +85®C (wide-range specifications) 

Condition B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc. 

Vss = AVss = 0 V. 0 = 2 MHz to 16 MHz, T, = -20®C to +75®C (regular 
specifications), T, = -40°C to +85°C (wide-range specifications) 


Condition A Condition B 




8 MHz 

10 MHz 

12 MHz 

16 MHz 


Test 

Item 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Conditions 

Write data delay time 

*WD0 

— 

75 

— 

65 

— 

60 

— 

60 

ns 

Figure 20-4, 

Write data setup time 1 

IWDSI 

90 

— 

75 

— 

60 

— 

35 

— 


Figure 20-5 

Write data setup time 2 

^WDS2 

15 

— 

10 

— 

10 

— 

5 

— 



Write data hold time 

^WDH 

25 

— 

20 

— 

20 

— 

20 

— 



Read data access 
time 1 

Wci* 

— 

110 

— 

100 

— 

80 

— 

55 



Read data access 
time 2 

^ACC2* 

— 

230 

— 

200 

— 

160 

— 

115 



Read data access 
time 3 

^ACC3* 

— 

55 

— 

50 

— 

40 

— 

25 



Read data access 
time 4 

tACC4* 

— 

160 

— 

150 

— 

120 

— 

85 



Precharge time 

tpcH* 

85 

— 

70 

— 

55 

— 

40 

— 



Wait setup time 

*WTS 

40 

— 

35 

— 

25 

— 

25 

— 

ns 

Figure 20-6 

Wait hold time 

IWTH 

10 

— 

10 


5 

— 

5 

— 



Bus request setup ime 

^BRQS 

40 


40 

— 

40 

— 

40 

— 

ns 

Figure 20-18 

Bus acknowledge 
delay time 1 

^BACDI 

— 

60 

— 

50 

— 

40 

— 

30 



Bus acknowledge 
delay time 2 

^BACD2 

— 

60 

, — 

50 

— 

40 

— 

30 



Bus-floating time 

^BZD 

— 

70 

— 

60 

— 

50 

— 

40 




Note is on next page. 
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Note: At 8 MHz, the times below depend as indicated on the dock cycle time. 
tACCi » 1.5 X tcyc - 78 (ns) twswi - 1.0 x tcyc - 40 (ns) 

Ucc 2 * 2.5 X tcyc *“ (ns) ^WSW2 • 1 *5 x tcyc 28 (ns) 

UCC3 « 1.0 X tcyc - 70 (^S) tpcH « 1.0 X tcyc - 40 (i^s) 

^ACC 4 “ 2.0 X tcyc 20 (ns) 

At 10 MHz, the times below depend as indicated on the clock cycle time. 
^ACC 1 * 1.5 X tcyc ~ 50 ^wswi « 1.0 X tcyc - 20 (ns) 

Ucc2 “ 2.5 X tcyc - 50 (f^s) twsw2 - 1.5 X tcyc - 20 (ns) 

Ucc3 * 1 -0 X tcyc “ 20 (ns) tpQH * 1 ‘0 X tcyc “ 30 (ns) 

tACC 4 « 2 . 0 x t^c“50 (ns) 

At 12 MHz, the times below depend as indicated on the clock cycle time. 
tACCi - 1.5 X tcyc - 45 (ns) twswi - 1.0 x tcyc - 28 (ns) 

UcC2 = 2.5 X tcyc - 48 (ns) twsw2 = 1 -5 x tgyc - 30 (ns) 

Ucc3 = 1 *0 X tcyc “ 43 (ns) tpcH « 1.0 X tcyc “* 28 (ns) 

Ucc4 “ 2.0 X tcyc *“ 47 (ns) 

At 16 MHz, the times below depend as indicated on the clock cycle time. 
Ucci = 1.5 X tcyc - 39 (ns) twswi = 1 0 x tgyc - 28 (ns) 

tACC 2 = 2.5 X tcyc - 41 (ns) twsw 2 = 1 -5 X tgyc - 28 (ns) 

tACC3 » 1 .0 X tcyc - 38 (ns) tpcH » 1.0 X tcyc - 23 (ns) 

tACC 4 = 2.0xt^c-40 (ns) 
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Table 20-5 Refresh Controller Bus Timing 


Condition A: Wcc = 2JY to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVco 
Vss = AVss = 0 V, 0 = 2 MHz to 8 MHz. T, = -20X to +75°C (regular 
specifications), T, = -40°C to +85^ (wide-range specifications) 

Condition B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc. 

Vss = AVss = 0 V. 0 = 2 MHz to 16 MHz. T, = -20‘*C to +75^ (regular 
specifications), T, = -40'’C to +85®C (wide-range specifications) 


Condition A Condition B 




8 MHz 

10 MHz 

12 MHz 

16 MHz 

Teat 

Item 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit Conditions 

RAS delay time 1 

^RADI 

— 

60 

— 

30 

— 

30 

— 

30 

ns Figure 20-7 

RAS delay time 2 

^RAD2 

— 

60 

— 

30 

— 

30 

— 

30 

to 

Figure 20-13 

RAS delay time 3 

IrAD3 

— 

60 

— 

30 

— 

30 

— 

30 

Row address hold time^ tn^H 

25 

— 

20 

— 

15 

— 

15 

— 


RAS precharge time* 


85 

— 

70 

— 

55 

— 

40 

— 


CAS to RAS precharge 
time* 

^RP 

85 

— 

70 

— 

55 


40 

— 


CAS pulse width 


110 

— 

40 

— 

40 


40 

— 


RAS access time* 

tRAC 

— 

160 

— 

150 

— 

120 

— 

85 


Address access time 

^AA 

— 

105 

— 

55 


55 

— 

55 


CAS access time* 

k^AC 

— 

50 

— 

50 

— 

40 

— 

25 


Wnte data setup time 3 

WS3 

75 

— 

40 

— 

40 

— 

40 

— 


CAS setup time* 

tSR 

20 

— 

15 

— 

15 

— 

15 

— 


Read strobe delay time 

^RSD 

— 

60 

— 

30 

— 

30 

— 

30 



Note: At 8 MHz, the times below depend as indicated on the dock cycle time. 
Irah “ 0-5 X tcyc - 38 (ns) tcAC = 1.0 x - 75 (ns) 

tRAc = 2.0 X tcyc - 90 (ns) tcsH - 0.5 x t^c “ 43 (ns) 

Irp = IcRP « 1.0 X tcyc - 40 (ns) 

At 10 MHz, the times betow depend as indicated on the clock cyde time. 
tRAH » 0.5 X tcyc - 30 (ns) tcAC = 1 .0 x tgyc - 50 (ns) 

Irac “ 2.0 X tcyc “ 38 (ns) tcsR = 0-5 x tcyc ~ 35 (ns) 

'rp “ *CRP = 1.0 X tcyc - 30 (ns) 

At 12 MHz, the times below depend as indicated on the clock cycle time. 
tRAH “ 0-5 X tcyc - 27 (ns) tcAC = 1.0 x tcyc - 43 (ns) 

Irac = 2.0 X tcyc “ 47 (ns) tcsR » 0-5 x tcyc - 27 (ns) 

Irp “ IcRP “ 1.0 X tcyc - 28 (ns) 

At 16 MHz, the times below depend as indicated on the clock cycle time. 
'rah = 0-5 xtcyc- 16 (ns) tcAc * 1.0 x tcyc-38 (ns) 

'rac = 2.0 X tcyc - 40 (ns) tcsR “ 0.5 x tcyc “' 8 (ns) 

'rp “ IcRP = 1.0 X tcyc - 23 (ns) 
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Table 20-6 Control Signal Timing 

Condition A: Vcc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V. Vref = 2.7 V to AVcc. 

Vss = AVss = 0 V. 0 = 2 MHz to 8 MHz, T, = -20°C to +75°C (regular 
specifications), T, = -40°C to +85°C (wide-range specifications) 

Condidon B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc. 

Vss = AVss = 0 V, 0 = 2 MHz to 16 MHz, T, = -20°C to +75X (regular 
specifications), T, = -40®C to +85®C (wide-range specifications) 


Condition A Condition B 




8 MHz 

10 MHz 

12 MHz 

16 MHz 


Test 

Item 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Conditions 

RES setup time 

Iress 

200 

— 

200 

— 

200 

— 

200 

— 

ns 

Figure 20-15 

RES pulse width 

Iresw 

10 

— 

10 

— 

10 

— 

10 

— 

tcYC 


RESO output delay 
time 

Iresd 

— 

100 

—- 

100 

— 

100 

— 

100 

ns 

Figure 20-16 

RESO output pulse 
width 

4^esow 

132 

— 

132 

— 

132 

— 

132 

— 

ICYC 


NMl setup time 
(NMI. IRQs to IRQo) 

Inmis 

150 

— 

150 

— 

150 

— 

150 

— 

ns 

Figure 20-17 

NMl hold time 
(NMI, IRQ 5 to IRQo) 

Vjmih 

10 

— 

10 

— 

10 

— 

10 

— 



Interrupt pulse width 
(NMl. IRQ 2 to IRQo 
when exiting software 
standby mode) 

^MIW 

200 


200 


200 


200 




Clock oscillator settling 
time at reset (crystal) 

fesci 

20 

— 

20 

— 

20 

— 

20 

— 

ms 

Figure 20-19 

Clock osdilator settling 
time in software standby 
(crystal) 

k)SC2 

8 


8 


8 


8 


ms 

Figure 19-1 
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Table 20-7 Timing of On-Chip Supporting Modules 

CondiUon A: Vcc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVco 
Vss = AVss = 0 V, 0 = 2 MHz to 8 MHz, T, =-20^C to+75X (regular 
specifications), T, = -40®C to +85®C (wide-range specifications) 

Condition B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc, 

Vss = AVss = OV,0 = 2MHztol6MHz,T^ = -2OXto+75^C(regular 
specifications), T^ = -40®C to +85®C (wide-range specifications) 

Condition A _ Condition B _ 

8 MHz 10 MHz 12 MHz 16 MHz x 


item_Symbol Min Max Min Max Min Max Min Max Unit Conditions 


DMAC DREQ setup 
time 

fORQS 

40 

— 

30 

— 

30 

— 

30 

— 

ns 

Figure 20-27 

DREQ hold 
time 

foRQH 

10 

— 

10 

— 

10 

— 

10 

— 



TEND delay 
time 1 

fjEDI 

— 

100 

— 

50 

— 

50 

— 

50 


Figure 20-25, 
Figure 20-26 

TEND delay 
time 2 

fTED2 

— 

100 


50 

— 

50 

— 

50 



ITU Timer output 

delay time 

frocD 

— 

100 

— 

100 

— 

100 

— 

100 

ns 

Figure 20-21 

Timer input 
setup time 

fries 

50 

— 

50 

— 

50 

— 

50 

— 



Timer dock 
input setup time 

frcKS 

50 

— 

50 

— 

50 

— 

50 

— 


Figure 20-22 

Timer Single 
clock edge 

frCKWH 

1.5 

— 

1.5 

— 

1.5 

— 

1.5 

— 

tcYC 


Both 

width . 

edges 

frCKWL 

2.5 

— 

2.5 

— 

2.5 

— 

2.5 

— 



SCI Input Asyn- 

clock chronous 

tsCYC 

4 

— 

4 

— 

4 

— 

4 

— 

fCYC 

Figure 20-23 

Syn- 

chronous 

tsCYC 

6 

— 

6 

— 

6 

— 

6 




Input dock rise 
time 

fsCKr 

— 

1.5 

— 

1.5 

— 

1.5 

— 

1.5 

fsCYC 


Input dock fall 
time 

fsCKf 

— 

1.5 

— 

1.5 

— 

1.5 

— 

1.5 



input dock 
pulse width 

fsCKW 

0.4 

0.6 

0.4 

0.6 

0.4 

0.6 

0.4 

0.6 
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Table 20*7 Timing of On-Chip Supporting Modules (cont) 


CondiUon A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 

Vss = AVss = 0 V, 0 = 2 MHz to 8 MHz, T, = -20°C to +75°C (regular 
specifications), T, = -40®C to +85®C (wide-range specifications) 

CondiUon B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc, 

Vss = AVss = 0 V, 0 = 2 MHz to 16 MHz, T, = -20°C to +75°C (regular 
specifications), T, = -40°C to +85°C (wide-range specifications) 


Condition A Condition B 





8 MHz 

10 MHz 

12 MHz 

16 MHz 

Test 

Item 


Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max Unit 

Conditions 

SCI Transmit data 
delay time 


^TXD 

— 

100 

— 

100 

— 

100 

— 

100 ns 

Figure 20*24 

Receive data 
setup time 
(synchronous) 


VlXS 

100 


100 


100 


100 



Receive data 

Clock input 

tRXH 

100 

— 

100 

— 

100 

— 

100 

— 


hold time 
(synchronous) 

Clock output 


0 

— 

0 

— 

0 

— 

0 

— 


Ports Output data 
and d®>ay tini® 


^WD 

— 

100 

— 

100 

— 

100 

— 

100 ns 

Figure 20-20 

TPC Input data 
setup time 


Vrs 

50 

— 

50 

— 

50 

— 

50 

— 


input data 
hold time 


Vrh 

50 

— 

50 

— 

50 

— 

50 

— 



5V 


H8/3042/1/0 
output pin 



C = 90 pF: ports 1, 2,3, 4, 5, 6, 8 

C = 30 pF: ports 9, A, B 
Rl = 2.4 k 

Rh= 12 kn 

Input/output timing measurement levels 

• Low: 0.8 V 

• High: 2.0 V 


Figure 20-3 Output Load Circuit 
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2Q23 A/D Conversion Characteristics 


Table 20-8 lists the A/D conversion characteristics. 

Table 20-8 A/D Converter Characteristics 

Condition A: Wqc = 2.7 V to 5.5 V. AVcc = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc, 
Vss = AVss = 0 V, 0 = 2 MHz to 8 MHz, T, = -20*^ to +75X (regular 
specifications), T, = -40°C to +85®C (wide-range specifications) 

Condition B: Vcc = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc, 

Vss = AVss = 0 V, 0 = 2 MHz to 16 MHz, T, = -20°C to +75°C (regular 
specifications), T, = -40°C to +85®C (wide-range specifications) 


Condition A 


Condition B 


8 MHz 

10 MHz 

12 MHz 

16 MHz 


Item 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Resolution 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

bits 

Conversion time 

— 

— 

16.8 

— 

— 

13.4 

— 

— 

11.2 

— 


8.4 

ps 

Analog input 
capacitance 

— 

— 

20 

— 

— 

20 

— 

— 

20 

— 

— 

20 

PF 

Permissible signal- 

— 

— 

10*1 

__ 


10 

— 

— 

10 

— 


10*3 

kn 

source impedance 

— 

— 

5*2 







— 

— 

5*^ 


Nonlinearity error 

— 

— 

±6.0 

— 

— 

±3.0 

— 

— 

±3.0 

— 

— 

±3.0 

LSB 

Offset error 

— 

— 

±4.0 

— 

— 

±2.0 

— 

— 

±2.0 

— 

— 

±2.0 

LSB 

Full-scale error 

— 

— 

±4.0 

— 

— 

±2.0 


— 

±2.0 

— 


±2.0 

LSB 

Quantization error 

— 

— 

±0.5 

— 

— 

±0.5 

— 

— 

±0.5 

— 


±0.5 

LSB 

Absolute accuracy 

— 

— 

±8.0 


— 

±4.0 

— 

— 

±4.0 

— 

— 

±4.0 

LSB 


Notes: 1. The value is for 4.0 < AVcc ^ 5.5. 

2. The value is for 2.7 < AVcc ^ 4.0. 

3. The value is for o < 12 MHz. 

4. The value is for o > 12 MHz. 
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20.2.4 D/A Conversion Characteristics 


Table 20-9 lists the D/A conversion characteristics. 

Table 20-9 D/A Converter Characteristics 

Condition A: Vcc = 2.7 V to 5.5 V, AVcx: = 2.7 V to 5.5 V, Vref = 2.7 V to AVcc. 
Vss = AVss = 0 V. 0 = 2 MHz to 8 MHz, T, =-20*C to+75*C 
(regular speciHcations), T, = -40'C to +85‘C (wide-range specifications) 


Condition B: Vq; = 5.0 V ± 10%, AVcc = 5.0 V ± 10%, Vref = 4.5 V to AVcc, 

Vss = AVss = 0 V, 0 = 2 MHz to 16 MHz, T, =-20*C to+75*C 
(regular specifications), T, = -40*C to +85*C (wide-range specifications) 



Condition A 



Condition B 







8 MHz 


10 MHz 

12 MHz 


16 MHz 


Teat 

Item 

Min Typ Max 

Min 

Typ Max 

Min Typ Max 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 

8 8 8 

8 

8 8 

8 8 8 

8 

8 

8 

Bits 


Conversion 

time 

— — 10 

— 

— 10 

— — 10 

— 

— 

10 

pS 

20-pF capaci¬ 
tive load 

Absolute 

accuracy 

— ±2,0 ±3.0 

— 

±1.0 ±1.5 

— ±1.0 ±1.5 

— 

±1.0 

±1.5 

LSB 

2-MQ 

resistive load 


— — ±2.0 

— 

— ±1.0 

— — ±1.0 

— 


±1.0 

LSB 

4-Ma 

resistive load 
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20.3 Operational Timing 

This section shows timing diagrams. 

20J.1 Bus Timing 

Bus timing is shown as follows: 

• Basic bus cycle: two«state access 

Figure 20-4 shows the timing of the external two-state access cycle. 

• Basic bus cycle: three-state access 

Figure 20-5 shows the timing of the external three-state access cycle. 

• Basic bus cycle: three-state access with one wait state 

Figure 20-6 shows the timing of the external three-state access cycle with one wait state 
inserted. 


574 




Figure 20-4 Basic Bus Cycle: Two-State Access 
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Figure 20-5 Basic Bus Cycle: Three-State Access 
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0 


^23 to Aq 

A§ 

RD (read) 


□is to Dq 

(read) 


HWR, LWI 

(write) 

D-J5 to Dq 
(write) 


WAIT 







20 Refresh Controller Bus Timing 
Refresh controller bus timing is shown as follows: 

• DRAM bus timing 

Figures 20-7 to 20-12 show the DRAM bus timing in each operating mode. 

• PSRAM bus timing 


Figures 20-13 and 20-14 show the pseudo-static RAM bus timing in each operating mode. 



Figure 20-7 DRAM Bus Timing (Read/Write): Three-State Access 
— 2WEMode — 
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Figure 20-8 DRAM Bus Timing (Refresh Cycle): Three-State Access 

— 2WEMode — 



Figure 20-9 DRAM Bus Timing (Self-Refresh Mode) 
— 2WEMode — 
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Figure 20-10 DRAM Bus Timing (ReadAVrite); Three-State Access 
— 2CASMode — 
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Figure 20-13 PSRAM Bus Timing (Read/Write): Three-State Access 



Figure 20-14 PSRAM Bus Timing (Refresh Cycle): Three-State Access 
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203 J Control Signal Timing 
Control signal timing is shown as follows: 

• Reset input timing 

Figure 20-15 shows the reset input timing, 

• Reset output timing 

Figure 20-16 shows the reset output timing. 

• Interrupt input timing 

Figure 20-17 shows the input timing forNMI and IRO 5 to IRQq. 


• Bus-release mode timing 

Figure 20-18 shows the bus-release mode timing. 
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IRQ^: Edge*sensitive IRQ j 
IRQ^: Level-sensitive IRQj (i « 0 to 5) 


a = 0to 2) 



Figure 20-17 Interrupt Input Timing 
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203.4 Clock Timing 

Clock timing is shown as follows: 

• Oscillator settling timing 

Figure 20-19 shows the oscillator settling timing. 



Figure 20-19 Oscillator Settling Timing 
2033 TPC and I/O Port Timing 
TPC and I/O port timing is shown as follows. 
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20J.6 ITU Timing 
nU timing is shown as follows: 

• ITU input/output timing 

Figure 20-21 shows the ITU input/ouq}ut timing. 

* ITU external clock input timing 

Figure 20-22 shows the ITU external clock input timing. 



Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4. TOCXA4. TOCXB4 
2. TIOCAO to TIOCA4. TIOCBO to TIOCB4 


Figure 20-21 ITU Input/Output Timing 



Figure 20-22 ITU Clock Input Timing 
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203 J SCI Input/Output Timing 
SCI timing is shown as follows: 

• SCI input clock timing 

Figure 20-23 shows the SCI input clock timing. 

• SCI input/output timing (synchronous mode) 

Figure 20-24 shows the SCI input/output timing in synchronous mode. 


, 'SCKW ^ ^ ^tsCKR 1 


ISCKR 

SCKO, SCK1 Jr ^ 

tsCYC 





Figure 20-24 SCI Input/Output Timing in Synchronous Mode 
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20J.8 DMAC Timing 
DMAC timing is shown as follows. 


• DMAC TEND output timing for 2 state access 


Figure 20-25 shows the DMAC TEND ou^ut timing for 2 state access. 


• DMAC TEND output timing for 3 state access 


Figure 20-26 shows the DMAC TEND output timing for 3 state access. 


• DMAC DREQ input timing 


Figure 20-27 shows DMAC DREQ input timing. 
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Appendix A Instruction Set 


A.l Instruction List 
Operand Notation 
Symbol Description 


Rd 

General destination register 

Rs 

General source register 

Rn 

General register 

ERd 

General destinatfon register (address register or 32-blt register) 

ERs 

General source register (address register or 32>bit register) 

ERn 

General register (32>bit register) 

(EAd) 

Destination operand 

(EAs) 

Source operand 

a 

Program counter 

a 

Stack pointer 


Conditbn code register 


N (negative) flag in CCR 


Z (zero) flag in CCR 

V 

V (overflow) flag in CCR 

m 

C (carry) flag in CCR 


Displacement 


Transfer from the operand on the left to the operand on the right, or transition from 
the state on the left to the state on the right 

+ 

Addition of the operands on both sides 

- 

Subtraction of the operand on the right from the operand on the left 

X 

Multiplication of the operands on both sides 


Divisbn of the operand on the left by the operand on the right 

A 

Logical AND of the operands on both sides 

V 

Logical OR of the operands on both sides 


Exclusive logical OR of the operands on both sbes 

— 1 

NOT (bgbal complement) 

().<> 

Contents of operand 

Note: 

General registers include 8-bit registers (ROM to R7H and ROL to R7L) and 16-bit registers 


(RO to R7 and EO to E7). 
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Condition Code Notation 


Symbol 

Description 

t 

Changed according to execution result 

* 

Undetermined (no guaranteed value) 

0 

Cleared to 0 

1 

Set to 1 

— 

Not affected by execution of the instruction 

A 

Varies depending on conditions, described in notes 


592 










Table A-1 Instruction Set 




Addressing Mode and 
Instruction Length (bytes) 


MOV.B#xx:8.Rd 


MOV.B Rs. Rd 


MOV.B @ERs.Rd 


MOV.B @(d:16. ERs). 
Rd 


MOV.B @(d:24, ERs). 
Rd 


MOV.B @ERs+. Rd 


MOV.B @aa:8. Rd 


MOV.B€>aa:16. Rd 


MOV.B @aa:24. Rd 


MOV.B Rs, @ERd 


MOV.B Rs, @{d:16, 
ERd) 


MOV.B Rs, @(d:24, 
ERd) 


MOV.B Rs, @-ERd 


MOV.B Rs, @aa:8 


MOVB Rs. @aa:16 


MOVB Rs. @aa:24 


MOVW#xx:16. Rd 


MOVW Rs. Rd 


MOVW@ERs.Rd 


MOV.W@(d:16. ERs). 
Rd 


MOV.W@(d:24. ERs). 
Rd 


MOV.W@ERs+. Rd 


MOV.W@aa:16. Rd 


(A 

•D 

C 

S 

O Operation 


#xx:8 Rd8 


Rs8-4Rd8 


@ERs >4 Rd8 


B @(d:16. ERs)-4Rd8 


B @(d:24. ERs)-4 Rd8 


B @ERs RD8 
ERs32+1 -4 ERs32 


@aai8 —> Rd8 


@aai16 ~4 Rd8 


@aa:24 -<4 Rd8 


Rs8 -4 @ERd 


B Rs8 -4 @(d:16. ERd) 


B Rs8 -4 @(d:24, ERd) 


B ERd32-1-4ERd32 
Rs8 -4 @ERd 


Rs8 -4 @aa:8 


Rs8 -4 @aa:16 


Rs8 @aa:24 


IDI 


Rs16-4Rd16 


@ERs —> Rd16 


W @>(d:16,ERs)->Rd16 


W @(d:24.ERs)^Rd16 


W @ERs-»Rd16 

ERs3242 -4 @ERd32 


@aa:16-4Rd16 



peouBApv 





















































































































Table A-1 Instruction Set (cont) 


Addressing Mode and 
Instruction Length (bytes) 


No. of 
States 


Mnemonic 

Operand Size 

Operation 

K 

MOV.W@aa:24.Rd 

D 

@aa24->Rd16 


MOV.WRs.@ERd 

D 

Rs16-*@ERd 


MOV.WRs, @(d:16. 
ERd) 

w 

Rs16>4@(d:16. ERd) 


MOV.WRs, @(d24, 
ERd) 

w 

Rs 16-.@(<1:24, ERd) 


MOV.W Rs. @>-ERd 

w 

ERd32-2 -4 ERd32 
Rs16-^@ERd 


MOV.W Rs. @aa:16 


Rs16 ->@aa;16 


MOV.W Rs. @aa:24 

Q 

Rs16 >4@aa:24 


MOV.L#xx:32. Rd 

L 

#xx:32 -4 Rd32 


MOV.L ERs. ERd 

L 

ERs32 -4 ERd32 


MOV.L @ERs. ERd 

L 

@ERs -4 ERd32 


MOV.L@(d:16. ERs). 
ERd 

L 

@(d;16. ERs)-»ERd32 


MOV.L @(d:24, ERs), 
ERd 

L 

@(d:24. ERs) ^ ERd32 


MOV.L @ERs+, ERd 

L 

@ERs -> ERd32 
ERs32+4-»ERs32 


MOV.L @aa:16, ERd 

L 

@aa;16 -4 ERd32 


MOV.L @aa:24, ERd 

L 

@aa:24 -4 ERd32 


MOV.L ERs, @ERd 

L 

ERs32 -4 @ERd 


MOV.L ERs. @(d:16, 
ERd) 

L 

ERs32-^@>(d:16,ERd) 


MOV.LERS. @(d24. 
ERd) 

L 

ERs32 -4 @(d:24. ERd) 


MOV.L ERs. @>~ERd 

L 

ERd32-4 ERd32 

ERs32 -4 @ERd 


MOV.L ERs. @aa:16 

L 

ERs32 -4 <g>aa:16 


MOV.L ERs, @aa:24 

L 

ERs32 — ♦ @aa*24 


POP.WRn 

1 

W 

@SP-4 Rn16 

SP+2 -4 SP 


POP.L ERn 

L 

@SP -4 ERn32 
SP+4-4SP 




6 

10 


6 

10 


2 


Condition Code 


H N Z V C 


t 


t t 
t t 


0 



I 


6 

10 


6 


6 






t 



t 








t 


8 

6 

2 

8 

10 

14 

10 

10 

12 

8 

10 

14 

10 

10 

12 

6 

10 


Advanced 

























































































































Table A-1 Instruction Set (cont) 


MnQmonIc 

Operand Size 

Operation 

Addressing Mode and 
Instruction Length (bytes) 

Condition Code 

No. of 
Statss *1 

K 

c 

cc 

c 

cc 

LU 

c 

oc 

liJ 

TJ 

♦ 

c 

cc 

UJ 

Of 

cc 

1 

o 

Q. 

■o“ 

1 


Normal 

Advanced 

n 

D 

□ 

B 

a 

□ 

PUSH.W Rn 

W 

SP-2 SP 

Rn16 -►@SP 

1 

1 

1 

1 

1 

1 

1 

1 

2 

E 

e 


: 

E 

E 

6 

PUSKLERn 

L 

SP-4 SP 

ERn32 -♦ @SP 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

I 

: 

i 

E 

E 

10 

MOVFPE @aa:16. 

Rd 

B 

Cannot be used in the 
H8/3042 Series 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Cannot be used in the 

H8/3042 Series 

MOVTPE Rs. 

@aa:16 

B 

Cannot be used in the 

H8/3042 Series 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Cannot be used in the 

H8/3042 Series 


2. Arithmetic instructions 


Mnemonic 

Operand Size 

Operation 

Addressing Mode and 
Instruction Length (bytes 


Condition Code 

No. of 
States 

M 

K 

% 

c 

oc 

c 

oc 

UJ 

c 

oc 

UJ 

tT 

♦ 

c 

oc 

UJ 

c 

cc 

UJ 

6 

CB 

§ 

o 

CL 

*o 

C8 

1 

Normal 

Advanced 

• 

H 

N 

Z 

V 

c 

ADD.B #xx:8. Rd 

B 

Rd8<»^xx:8 -4 Rd8 

B 

■ 

■ 

■ 

■ 

fl 

fl 

fl 

fl 

fl 

fl 

B 

fl 

B 

B 

2 

ADD.B Rs. Rd 

B 

Rd8+Rs8 —4 Rd8 

fl 

B 

■ 

■ 

fl 

fl 

fl 

fl 

fl 

fl 

B 

B 

B 

B 

B 

2 

ADD.W#xx:16. Rd 

Qj 

Rd16+#xx:16-4Rd16 










fl 

fl 

B 

B 

B 

B 

4 

ADD.W Rs, Rd 

Q 

Rd16+Rs16-^Rd16 

■ 

a 








fl 

fl 

B 

B 

B 

B 

2 

ADD! #xx:32, ERd 

L 

ERd32+#xx:32 ^ 

ERd32 

fl 

E 

E 

E 

E 

E 

E 

E 

E 

e 



: 

: 

: 

6 

ADD! ERs, ERd 

L 

ERd32+ERs32 -4 

ERd32 

E 

2 

E 

E 

E 

E 

E 

E 

E 

1 


e 

E 

: 

: 

2 

ADDX.B #xx:8.Rd 

B 

Rd844txx.’8 -fC —> Rd8 










fl 

B 

B 


B 

B 

2 

ADDX.B Rs. Rd 

B 

Rd8'4'Rs8 +C Rd8 


B 








H 

B 

B 


B 

B 

2 

ADDS! #1,ERd 

L 

ERd32+1 ERd32 


B 








fl 

fl 

B 

B 

B 

B 

2 

ADDS! #2. ERd 

L 

ERd32+2 ERd32 


B 








fl 

fl 

B 

B 

B 

B 

2 

ADDS! #4, ERd 

L 

ERd32-»4 -4 ERd32 


B 








B 

fl 

B 

B 

B 

fl 

2 

INC.B Rd 

B 

Rd8+1 Rd8 


B 








B 

B 

B 

B 

B 

B 

2 

INC.W#1.Rd 

□ 

Rdi6+1 -»Rd16 


B 








B 

fl 

B 

B 

B 

a 

2 

INC.W#2. Rd 

IQ 

Rd16+2-4Rd16 


B 

_ 

_ 

_ 

_ 

_ 

I 

_ 

B 

B 

B 

B 

B 

B 

2 


595 




























































































Tiable A-1 Instruction Set (cont) 


Addressing Mods and 
Instruction Length (bytes) 


No. of 
States 


Mnemonic 

Operand Size 

Operation 

INC.L#1,ERd 

L 

ERd32+1 -*ERd32 

INC.L#2.ERd 

L 

ERd32+2 ERd32 

DAARd 

B 

Rd8 decimal adjust 
-♦Rd8 

SUB.B Rs, Rd 

B 

Rd8-Rs8 Rd8 

SUB.W#xx:16. Rd 

m 


SUB.WRs, Rd 



SUB.L #xx:32. ERd 

L 

ERd32-#xx:32 

ERd32 

SUB.L ERs, ERd 

L 

ERd32-ERs32 

ERd32 

SUBX.B #xx:8. Rd 

B 

Rd8— #xx!8— C -4 Rd8 

SUBX.B Rs. Rd 

B 

Rd8-Rs8-C -4 Rd8 

SUBS.L#1.ERd 

L 

ERd32-1 -* ERd32 

SUBS.L #2. ERd 

L 

ERd32-2 -♦ ERd32 

SUBS.L #4. ERd 

L 

ERd32-4 -> ERd32 

DEC.B Rd 

B 

Rd8-1 -4 Rd8 



III 

IBI 


2 


DEC.W #1,Rd 


Rd16-1 -4Rd16 

■ 

B 

DEC.W#2, Rd 


Rd16-2-4Rd16 

■ 

B 

DEC! #1,ERd 

L 

ERd32-1 -4 ERd32 

■ 

B 

DEC.L #2, ERd 

L 

ERd32-2 -4 ERd32 

■ 

B 

DAS.Rd 

B 

Rd8 decimal adjust 
>4Rd8 

1 

2 

MULXU. B Rs, Rd 

B 

Rd8 X Rs8 -4 Rd16 
(unsigned multiplication) 

1 

2 

MULXU. W Rs, ERd 

W 

Rd16xRs16-4ERd32 
(unsigned multiplication) 

1 

2 

MULXS. B Rs, Rd 

B 

Rd8xRs8-4Rd16 
(signed multiplication) 

1 

1 

MULXS. W Rs, ERd 

W 

Rd16xRs16-4ERd32 
(signed multiplication) 

1 

1 

DIVXU. B Rs, Rd 

B 

Rd16^Rs8-4Rd16 

■ 

B 


(RdH: remainder, 


RdL: quotient) 


(unsigned division) 



Advanced 

























































































































Table A>1 Instruction Set (cont) 



Addressing Mods and 
instruction Length (bytes) 


c s I g 

X _ 5 5 9 3 5 

S fiC d S S 


DIVXU.WRs, ERd 


DIVXS. B Rs. Rd 


DIVXS. W Rs. ERd 


CMP.B #xx:8.Rd 


CMP.B Rs, Rd 


CMP.W#xx:16. Rd 


CMP.W Rs. Rd 


CMP.L #xx:32, ERd 


CMP.L ERs. ERd 


NEG.B Rd 


NEG.W Rd 


NEG.LERd 


EXTU.W Rd 


EXTU.LERd 


EXTS.W Rd 


EXTSlERd 


W ERd32^Rs16-4ERd32 
(Ed: remainder. 

Rd: quotient) 

(unsigned division) 


B Rd16>-Rs8-4Rd16 
(RdH: remainder, 
RdL: quotient) 
(signed division) 


W ERd32^Rs16->ERd32 
(Ed: remainder, 

Rd: quotient) 

(signed division) 



(<bit15> ofERd32) 
(<bits31 to 16>of 
ERd32) 


Advanced 

















































































Table A-1 Instruction Set (cont) 


3. Logic instructions 


Mnemonic 

Operand Size 

Operation 

Addressing Mode and 
instruction Length (bytes) 

Condition Code 

No. of 
States *1 

M 

£ 

c 

cc 

^d, ERn) 

♦ 

c 

cc 

1 

cc 

1 

1 

PC) 



Normal 

Advanced 

D 

□ 

B 

B 

B 

B 

AND.B #xx:8. Rd 

B 

Rd8A#xx:8 Rd8 

2 



r 






B 

B 

B 

B 

B 

B 

2 

AND.B Rs. Rd 

B 

Rd8ARs8 —4 Rd8 

■ 

B 








B 

B 

B 

B 

B 

— 

2 

AND.W#xx:16. Rd 


Rd16A#xx:16-+Rdl6 

D 









B 

B 

B 

B 

B 

— 

4 

AND.W Rs. Rd 

Q 

Rd16ARs16-4Rd16 

■ 









B 

B 

B 

B 

B 

— 

2 

ANDl #xx:32, ERd 

> 

ERd32A#xx:32 -4 ERd32 

B 









B 

B 

B 

B 

B 

— 

6 

ANDl ERs, ERd 

n 


■ 









B 

B 

B 

B 

B 

— 

4 

OR.B #xx:8. Rd 

B 

Rd8v#xx:8 -4 Rd8 

B 









B 

B 

B 

B 

B 

— 

2 

OR.B Rs, Rd 

B 

Rd8vRs8 -4 Rd8 

fl 









B 

B 

B 

B 

B 

— 

2 

OR.W#xx:16.Rd 

Q 

Rd16v#xx:16-4Rd16 

B 









B 

B 

B 

B 

B 

a 

4 

OR.W Rs, Rd 

IQ 

Rd16vRs16-»Rd16 

■ 









B 

B 

B 

B 

B 

— 

2 

OR.L#xx:32, ERd 

L 

ERd32v#xx:32 -4 ERd32 

B 









B 

B 

B 

B 

B 

— 

6 

OR.LERs.ERd 

L 

ERd32vERs32-»ERd32 

B 









B 

B 

B 

B 

B 


4 

XOR,B #xx:8. Rd 

B 

Rd8©#xx:8 ~4 Rd8 

B 









B 

B 

fl 

B 

B 

— 

2 

XOR.B Rs. Rd 

B 

Rd8®Rs8 —4 Rd8 

B 









B 

B 

B 

B 

B 


2 

XOR.W#xx:16.Rd 

IQ 

Rd16e#xx:16Rd16 

B 









B 

B 

B 

B 

B 

— 

4 

XOR.W Rs, Rd 

IQ 

Rd16eRs16-4Rd16 

■ 









B 

B 

B 

B 

B 

— 

2 

XORl #xx:32, ERd 

L 

ERd32e#xx:32 -> ERd32 

B 









B 

B 

B 

B 

B 

— 

6 

XOR.L ERs. ERd 

L 

ERd32eERs32 -4 ERd32 

B 

B 








B 

B 

B 

B 

B 


4 

NOT.B Rd 

B 

-.Rd8 -4 Rd8 

B 

B 








B 

B 

B 

B 

B 

— 

2 

NOT.W Rd 


-nRd16->Rd16 

fl 

B 








B 

B 

B 

fl 

B 

— 

2 

NOTlERd 


-.Rd32-4Rd32 

fl 

B 

_ 

_ 

_ 

_ 


_ 

_ 

B 

B 

B 

B 

B 

B 

2 
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Table A-1 Instruction Set (cont) 


4. Shift instructions 



599 


Advanced 
















































































Table A-1 Instruction Set (cont) 


S. Bit manipulation instructions 



Addrassing Moda and 
Instruction Langth (bytes) 


BSET#xx:3,Rd 


BSET#xx:3,@ERd 


BSET #xx:3, <i>aa:8 


BSET Rn. Rd 


BSET Rn, @ERd 


BSET Rn, @aa:8 


BCLR #xx:3. Rd 


BCLR #xx:3, @ERd 


BCLR #xx:3, @aa:8 


BCLR Rn, Rd 


BCLR Rn. @ERd 


BCLR Rn, @aa:8 


BNOT #xx:3, Rd 


BNOT#xx:3. @ERd 


BNOT #xx:3, @aa:8 


BNOT Rn, Rd 


BNOT Rn, @ERd 


BNOT Rn, @aa:8 


BTST#xx:3, Rd 


BTST#xx:3. @>ERd 


BTST #xx:3, @aa:8 


BTST Rn. Rd 


BTST Rn. @ERd 


BTST Rn, @aa:8 


BLD#xx:3.Rd 


•o 

c 

C 

8 . 

O Oparation 


(#xx:3 of Rd8) 1 


(#xx:3of @ERd) 1 


(#xx:3 of @aa:8) 1 


(Rn8ofRd8)4- 1 


(Rn8of@ERd)^-1 


(Rn8 of @aa:8) 1 


(#xx:3 of Rd8) ♦- 0 


(#xx:3 of @ERd) 0 


(#xx:3 of @aa:8) 0 


(Rn8 of Rd8) 0 


(Rn8 of @ERd) 0 


(Rn8 of @aa:8) 4- 0 


B (#xx:3 of Rd8) ♦- 
-.(#xx:3 of Rd8) 


B (#xx:3 of @ERd) <- 
-•(#xx:3 of @ERd) 


B (#xx:3 of @aa:8) ♦- 
-i(#xx;3 of @aa:8) 


B (Rn8 of Rd8) 4- 
-.(Rn8 of Rd8) 


B (Rn8of@ERd)4- 
-,(Rn8 of @ERd) 


B (Rn8 of @aa:8) 4- 
“.(Rn8 of @aa:8) 


-i(#xx:3 of Rd8) Z 


-i(#xx:3 of @ERd) -> Z 


~i(#xx:3 of @aa:8) Z 


-,{Rn8 of @Rd8) Z 


-.(Rn8 of@ERd)->Z 


“i(Rn8 of @aa:8} Z 


(#xx:3 of Rd8) C 



600 


Advanced 













































































































Table A-1 Instruction Set (cont) 



Addressing Mode and 
Instruction Length (bytes) 


No. of 
States 


Q Operation 


c ui £ 

X - £ ^ ^ 

£ ^ S (9 



BLO #xx:3. ^ERd 

B 

(#xx:3 of @ERd) -»C 

■■□■■■■■■BB 

B 

BL0«xx:3. @aa:8 

B 

(#xx:3 of @aa:8) C 

BBBBBDBBBB B 

— 

BILD«xx;3. Rd 

B 

-i(#xx:3 of Rd8) C 

BBBBBBBBBB B 

— 

BILD#xx:3.€>ERd 

B 

-i(#xx:3 of @ERd) -4 C 

BBDBBBBBBB B 

— 

BILD #xx:3. @aa:8 

B 

-i(#xx:3 of @aa:8) C 

BBBBBDBBBB B 

— 

BST#xx:3. Rd 

B 

C (#xx:3 of Rd8) 

BBBBBBBBBB B 

— 

BST #xx:3. <§>ERd 

B 

C->(#xx:3 of@ERd24) 

BBDBBBBBBB B 

— 

BST #xx:3. @aa:8 

B 

C >4 (#xx:3 of @aa:d) 

BBBBBDBBBBB 

— 

BIST#xx:3, Rd 

B 

-iC -♦ (#xx:3of Rd8) 

BBBBBBBBBBB 

— 

BIST#xx:3. @ERd 

B 

-.C-4(#xx: 3 of @ERd24) 

BBDBBBBBBBB 

— 

BIST #xx:3, @aa:8 

B 

>iC -4 (#xx:3 of @aa;8) 

BBBBBDBBBB B 

— 

BAND #xx;3. Rd 

B 

Ca(#xx: 3 of Rd8) >4 C 

BBBBBBBBBB B 

— 

BAND #xx:3. @ERd 

B 

CA(#xx:3of@ERd24)-4C 

BBDBBBBBBB B 

— 

BAND#xx:3.@aa:8 

B 

Ca(#xx: 3 of @aa:8) -4 C 

BBBBBDBBBB B 

— 

BlAND#xx:3. Rd 

B 

Ca “n(ffxx!3 of Rd8) —♦ C 

BBBBBBBBBBB 

— 

BIAND#xx:3. @ERd 

B 

CA-i(#xx3of@ERd24)->C 

BBDBBBBBBBB 

— 

BIAND #xx:3, @aa:8 

B 

Ca -i(#xx: 3 of @aa:8) -4 C 

BBBBBBBBBBB 

— 

BOR #xx:3, Rd 

B 

Cv(#xx:3 of Rd8) -4 C 

BBBBBBBBBBB 

— 

BOR #xx:3. @ERd 

B 

Cv(#xx:3of@ERd24)-»C 

BBDBBBBBBBB 

— 

BOR #xx:3, @aa:8 


— 

BIOR #xx:3, Rd 

B 

Cv -n(#xx:3 of Rd8) -4 C 

BBBBBBBBBBB 

— 

BIOR #xx:3. @ERd 

B 

Cv -,(#xx3 of @ERd24) -4 C 

BBDBBBBBBBB 

— 

BIOR #xx:3, @aa:8 

B 

Cv -,(#xx:3 of @aa:8) C 

BBBBBBBBBBB 

— 

BXOR #xx:3. Rd 

B 

Ce(#xx:3 of Rd8) -4 C 

BBBBBBBBBBB 

— 

BXOR #xx:3, @ERd 

B 

Ce(#xx:3 of @ERd24) C 

BBDBBBBBBBB 

— 

BXOR #xx:3, @aa:8 

B 

Ce(#xx:3 of @aa;8) C 

BBBBBBBBBBB 

— 

BIXOR #xx:3. Rd 

B 

C® -i(#xx:3 of Rd8) -4 C 

BBBBBBBBBBB 

Id 

BIXOR #xx:3, @ERd 

B 

C® (#xxa of @ERd24) -4 C 

BBDBBBBBBBB 

— 

BIXOR #xx:3. @aa:8 

B 

C® -i(#xx:3 of @aa:8) C 

BBBBBBBBBBB 

— 


Advanced 












































































































Table A>1 Instruction Set (cont) 
6. Branching instructions 



Addressing Mods and 
instruction Length (bytes) 


BRA d:8 (BTd:8) 

— 

BRA d:16(BTd:16) 

— 

BRN d:8 (BF d:8) 

— 

BRNd;16(BFd:16) 

— 

BHI d:8 

— 

BHId:16 

— 

BLSd:8 

— 

BLSd:16 

— 

BCC d:8 (BHS d:8) 

— 

BCCd:16(BHSd:16) 

— 

BCS d:8 (BLO d:8) 

— 

BCSd:16(BLOd:16) 

— 

BNE d:8 

— 

BNE d:16 

— 

BEQd:8 

— 

BEQd:16 

— 

BVC d:8 

— 

BVC d:16 

— 

BVSd:8 

— 

BVSd:16 


BPLd:8 

— 

BPLd:16 

— 

BMid:8 


BMi d:16 

— 

BGEd:8 

— 

BGEd:16 

— 

BLT d:8 

— 

BLTd:16 

— 

BGTd:8 

— 

BGTd:16 

— 


Branch ^ 

O Operation Condition £ a 


If condition Always 
is true then 

PC4- - 

PC-Kl else Never 
next; 



602 


Advanced 

















































































Table A-1 Instruction Set (cont) 


Mnamonie 

Operand Size 

Operation 

Branch 

Condition 

Addressing Mode and 
instruction Length (bytes) 

Condition Code 

No. of 
States 

M 

K 

m 

c 

oc 

@ERn 

c 

cc 

Ul 

tf 

♦ 

c 

oc 

1 

1 

m 

S 

i 

TJ 



Normal 

Advanced 

D 

□ 

□ 

B 

□ 

B 

BLE d:8 

- 

If condition 
is true 
then PC ♦- 
PC-fdelse 
next; 

Zv(N9V)>0 







2 



B 

B 

B 

B 

B 

B 

4 

BLE d:16 

1 

Zv(N©V)«1 









1 

1 





1 

6 

JMP @ERn 

— 

PC^-ERn 



2 


m 

■ 

■ 

■ 


B 

B 

B 

B 

B 

B 

4 

JMP@aa:24 

— 

PC aa:24 





■ 

D 

■ 

■ 


B 

B 

B 

B 

B 

B 

6 

JMP @@aa:8 

— 

PC ^ @aai8 








B 


B 

B 

B 

B 

B 

B 

8 

IB 

BSRd:8 


PC-^@>-SP 

PC ♦- PC+d:8 



1 

1 



2 

1 






— 

B 

6 

8 

BSRd:16 

— 

PC-^@-SP 

PC ♦- PC+d:16 


1 





B 

1 






B 

B 

8 

10 

JSR @ERn 

— 

PC->@>-SP 

PC ♦— @ERn 


1 

2 




1 

1 






— 

B 

6 

8 

JSR @aa:24 

— 

PC^@-SP 

PC <- @aa:24 


1 





1 

1 






— 

— 

8 

10 

JSR @@aai8 

— 

PC-4<§>~SP 

PC ^ @aai8 


1 





1 

2 






B 

B 

8 

12 

RTS 


PC ^ @SP+ 

r 

r 



L 

L 

_ 


B 

B 


B 

a 

B 

H 

8 

10 


603 





































































Table A-1 Instruction Set (cont) 


7. System control instructions 


Mnemonic 

Operand Size 

Operation 

TRAPA #x:2 

1 

PC-4@-SP 

CCR @-SP 
<vector> -4 PC 

RTE 

— 

CCR ♦- @SP^ 

PC 4- @SP+ 

SLEEP 

— 

Transition to power¬ 
down state 

LDC#xx:8, OCR 

B 

#xx:8 CCR 

LDC Rs.CCR 

B 

Rs8-4CCR 


m 

@ERs-^CCR 

LDC@(d:16,ERs). 

OCR 

w 

@(d:16, ERs)CCR 

LDC @(d:24. ERs), 
CCR 

w 

@(d:24, ERs) CCR 

LDC @ERs+. CCR 

w 

@ERs -4 CCR 
ERs32+2-^ERs32 

LDC @aa:16.CCR 

Q 

@aai16 —4 CCR 

LDC @aa:24, CCR 

Q 

@aai24 —4 CCR 

STC CCR, Rd 

B 

CCR -4 Rd8 

STCCCR,@ERd 


CCR -4 @ERd 

STCCCR.@(d:16. 

ERd) 

wi 

CCR-^@(d:16. ERd) 

STC CCR. @(d:24, 
ERd) 

W 

CCR -4 @(d:24, ERd) 

STC CCR. @-ERd i 

w 

ERd32-2 -* ERd32 
CCR @ERd 

STC CCR, @aa:16 

Q 

CCR —4 @aai16 

STC CCR, @ci&i24 

IQ 

CCR —4 @aai24 

ANDC #xx;8, CCR 

B 

CCRa#xx:8 -4 CCR 

ORC #xx:8. CCR 

B 

CCRv#Xx!8 ~4 CCR 

XORC#xx:8.CCR 

B 

CCR©#xx:8 -4 CCR 

NOP 

— 

PC ♦- PC+2 


XX# 


Addressing Mods and 
Instruction Length (bytes) 


No. of 
States 
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Advanced 





















































































































Table A-1 Instruction Set (cont) 


8. Block transfer instructions 


Mnamonic 

Operand Size 

Operation 


Condition Code 

No. of 
States 

M 


C 

cc 

c 

cc 

UJ 

TJ 

♦ 

c 

cc 

1 

1 

m 

S 

@(d, PC) 

« 


Normal 

Advanced 

0 

□ 

□ 

□ 

D 

□ 

EEPMOV. B 


if R4L # 0 then 
repeat @R5-4@R6 
R5+1 R5 

R6+1 -> R6 

R4L-1 -► R4L 
until R4L=0 

else next 









1 









EEPMOV. W 


if R4 0 then 
repeat @R5-»@>R6 
R5+1 -4 R5 
R6+1 R6 

R4L-1 -♦ R4 
until R4=0 
else next 
















8+ 

4n*2 



Notes: 1. The number of states is the number of states required for execution when the instruction and its 
operands are located in on«chip memory. For other cases see section A.3, Number of States 
Required for Execution. 

2. n is the value set in register R4L or R4. 

© Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0. 

@ Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0. 

@ Retains its previous value when the result is zero; otherwise cleared to 0. 

@ Set to 1 when the adjustment produces a carry; otherwise retains its previous value. 

® The number of states required for execution of an instruction that transfers data in 
synchronization with the E clock is variable. 

® Set to 1 when the divisor is negative; otherwise cleared to 0. 

@ Set to 1 when the divisor is zero; otherwise cleared to 0. 

® Set to 1 when the quotient is negative; otherwise cleared to 0. 
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Instruction code: 




AH 

AL 

BH 

BL 



Instruction when most significant bit of BH is 0. 
Instruction when most significant bit of BH is 1. 


AL 

ah\^ 

0 

1 

2 

3 

4 

5 

6 

B 

8 

9 

B 


C 

D 


F 

0 

NOP 

Table A.2 
(2) 

STC 

LDC 

ORC 

XORC 

ANDC 

LDC 

ADD 

Table A.2 
(2) 

Table A.2 
(2) 

MOV 

ADDX 

Table A.2 
(2) 

1 

Table A.2 
(2) 

Table A.2 

g> 

Table A.2 
(2) 

Table A.2 
(2) 

OR.B 

XOR.B 

AND.B 

Table A.2 
(2) 

SUB 

Table A.2 
(2) 

Table A.2 
(2) 

CMP 

SUBX 

Table A.2 
(2) 

2 

MOV.B 

3 

4 

BRA 

BRN 

BHi 

BLS 

BCC 

BCS 

BNE 

BEQ 

BVC 

BVS 

BPL 

BMI 

BGE 

BLT 

BGT 

BLE 

5 

MULXU 

DIVXU 

MULXU 

DIVXU 

RTS 

BSR 

RTE 

TRAPA 

Table A.2 
(2) 

JMP 

BSR 

JSR 

6 

BSET 

BNOT 

BCLR 

BTST 

OR 

XOR 

AND 

BST/ 

/BIST 

MOV 

7 

BOR^ 

X^IOR 

BXOR^ 

^^XOR 

BAND/ 

/mAND 

BLD/ 

/bild 

MOV 

Table A.2 
(2) 

Table A.2 
(2) 

EEPMOV 

Table A.2 
(3) 

8 

ADD 

9 

ADDX 

D 

CMP 

B 

SUBX 

C 

OR 

m 

XOR 

E 

AND 

F 

MOV 


A.2 Operation Code Map (1) 
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Operation Code Map (2) 
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Instruction code: 



EESBSSI 

3rd byte 


AH 

AL 

BH BL 

CH CL 



^-Instruction when most significant bit of DH is 0. 

^ Instruction when most significant bit of DH is 1. 


\ CL 

ahV 
ALBfrs. 
BLCH \ 

0 

■ 

2 

3 

■ 

5 

6 

■ 

8 

9 

fl 

■ 

C 

0 

E 

■ 

01406 


LO/^ 

/STC 

■I 

LOC/ 

/STC 


LO/'' 

/^TC 


LOC/^ 

/STC 

01 cos 

MULXS 


MULXS 


01005 

BiP 

OIVXS 


OIVXS 

^_ 


01F06 



OR 

XOR 

ANO 


7Cr06*^ 


BTST 

HUi 

iiSiH 

B 


7Cr07*f 



BTST 

BOR/ 

/bior 

BXO/ 

/moR 

BAN/' 

/6iano 

8LD/ 

y^iiD 


7Dr06*’ 

BSET 

BNOT 

BCLR 


BST/ 

/msT 

i J 

7Dr07*^ 

BSET 

BNOT 

BCLR 

: . • ' • i 

7Eaa6*2 


BTST 



7Eaa7*2 


BTST 

BOR/ 

/BOR 

8X0/ 

>^^OR 

BAf/' 

y^AND 

BL/' 

X^BILO 


7Faa6*2 

BSET 

BNOT 

BCLR 


ilili 


BST/ 

>^IST 


7Faa7*2 

BSET 

BNOT 

BCLR 



Notes: 1. r is the register designation field. 
2. aa is the absolute address field. 


O 


iperation Code Map (3) 







































































































A.3 Number of States Required for Execution 


The tables in this section can be used to calculate the number of states required for instruction 
execution by the H8/300H CPU. Table A-3 indicates the number of instruction fetch, data 
read/write, and other cycles occurring in each instruction. Table A-2 indicates the number of states 
required per cycle according to the bus size. The number of states required for execution of an 
instruction can be calculated from these two tables as follows: 

Number of states = IxSi + JxSj + KxSk + LxSl+MxSm + NxSn 

Examples of Calculation of Number of States Required for Execution 

Examples: Advanced mode, stack located in external address space, on-chip supporting modules 
accessed with 8-bit bus width, external devices accessed in three states with one wait state and 
16-bit bus width. 

BSET#0,@FFFFC7:8 


From table A-3,1 = L = 2 and J = K = M = N = 0 
From table A-2, Sj = 4 and Sl = 3 
Number of states = 2x4 + 2x3 = 14 

JSR(a)@30 


From table A-3,I = J = K = 2andL = M = N = 0 

From table A-2, Sj = Sj = Sjj = 4 

Number of states = 2x4 + 2x4 + 2x4 = 24 
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Table A-2 Number of States per Cycle 

Access Conditions 


Cycle 


On-Chip 

Memory 

On-Chip Sup¬ 
porting Module 


External Device 


8-Bit Bus 

16-Bit Bus 

B-BIt 

Bus 

16-Bit 

Bus 

2-State 

Access 

3-state 

Access 

2-State 

Access 

3-state 

Access 

Instruction fetch 

S, 

2 

6 

3 

4 

6 + 2m 

2 

3 + m 

Branch address read 

Sj 








Stack operation 









Byte data access 

Sl 


3 


2 

3 + m 



Word data access 



6 


4 

6-t- 2m 



Internal operatbn 

Sn 

1 








Legend 

m: Number of wait states inserted into external device access 
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Table A-3 Number of Cycles per Instruction 




Instruction Branch Stack 

Byte Data Word Data Internal 



Fetch Addr. Read Operation 

Access Access Operation 

Instruction 

Mnemonic 

1 J K 

L M N 

ADD 

ADD.B #xx:8, Rd 

1 



ADD.B Rs. Rd 

1 



ADD.W#xx:16, Rd 

2 



ADD.WRs, Rd 

1 



ADD.L #xx:32. ERd 

3 



ADD.L ERs, ERd 

1 


ADDS 

ADDS #1/2/4, ERd 

1 


ADDX 

ADDX #xx:8. Rd 

1 



ADDX Rs. Rd 

1 


AND 

AND.B#xx:8. Rd 

1 



AND.BRs, Rd 

1 



AND.W#xx:16. Rd 

2 



AND.W Rs. Rd 

1 



AND.L#xx:32. ERd 

3 



AND.L ERs. ERd 

2 


ANDC 

ANDC #xx:8, OCR 

1 


BAND 

BAND #xx:3. Rd 

1 



BAND #xx:3. @ERd 

2 

1 


BAND #xx:3. @aa:8 

2 

1 

Bcc 

BRA d:8(BTd:8) 

2 



BRN d:8(BFd:8) 

2 



BHI d:8 

2 



BLSd:8 

2 



BCC d:8 (BHS d:8) 

2 



BCS d:8 (BLO d:8) 

2 



BNE d:8 

2 



BEQ d:8 

2 



BVC d:8 

2 



BVSd:8 

2 



BPLd:8 

2 



BMI d:8 

2 



BGE d;8 

2 



BLTd:8 

2 



BGT d:8 

2 



BLE d:8 

2 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch Stack Byte Data Word Data Internal 

Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 


Bcc 

BRA d:16(BTd:16) 

2 


2 


BRN d:16(BF d:16) 

2 


2 


BHI d:16 

2 


2 


BLS d:16 

2 


2 


BCC d:16(BHS d:16) 

2 


2 


BCS d:16(BLOd:16) 

2 


2 


BNE d:16 

2 


2 


BEQ d:16 

2 


2 


BVC d:16 

2 


2 


BVSd:16 

2 


2 


BPLd:16 

2 


2 


BMI d:16 

2 


2 


BGE d:16 

2 


2 


BLTd:16 

2 


2 


BGTd:16 

2 


2 


BLEd:16 

2 


2 

BCLR 

BCLR #xx:3. Rd 

1 




BCLR #xx:3. @ERd 

2 

2 



BCLR #xx:3, @aa:8 

2 

2 



BCLR Rn. Rd 

1 




BCLR Rn. @ERd 

2 

2 



BCLR Rn, @aa:8 

2 

2 


BiAND 

BIAND #xx:3. Rd 

1 




BIAND #xx:3, @ERd 

2 

1 



BIAND #xx:3. @aa;8 

2 

1 


BILD 

BILD #xx:3. Rd 

1 




BILD #xx:3, @ERd 

2 

1 



BILD #xx:3, @aa:8 

2 

1 


BIOR 

BIOR #xx:8. Rd 

1 




BIOR #xx:8. @ERd 

2 

1 



BIOR #xx:8, (3>aa:8 

2 

1 


BIST 

BIST#xx:3. Rd 

1 




BIST #xx:3. @ERd 

2 

2 



BIST #xx:3, @aa:8 

2 

2 


BIXOR 

BIXOR #xx:3. Rd 

1 




BIXOR #xx:3. @ERd 

2 

1 



BIXOR #xx:3, <§)aa:8 

2 

1 


BLD 

BLD #xx:3. Rd 

1 




BLD #xx:3. @ERd 

2 

1 



BLD #xx:3, @aa:8 

2 

1 
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Table A-3 Number of Cycles per Instruction (cont) 




Instruction 

Branch 

Stack 

Byte Data Word Data Internal 



Fetch 

Addr. Read 

Operation 

Access Access Operation 

Instruction 

Mnemonic 

1 

J 

K 

L M N 

BNOT 

BNOT#xx:3. Rd 

1 





BNOT#xx:3.@ERd 

2 



2 


BNOT #xx:3, @aa:8 

2 



2 


BNOT Rn, Rd 

1 





BNOT Rn, @ERd 

2 



2 


BNOT Rn, @aa:8 

2 



2 

BOR 

BOR #xx:3, Rd 

1 





BOR #xx:3. @ERd 

2 



1 


BOR #xx:3, @aa:8 

2 



1 

BSET 

BSET#xx:3, Rd 

1 





BSET#xx:3, @ERd 

2 



2 


BSET #xx:3, @aa:8 

2 



2 


BSET Rn, Rd 

1 





BSET Rn. @ERd 

2 



2 


BSET Rn, @aa:8 

2 



2 

BSR 

BSR d:8 Nofmal 

2 


1 



Advanced 

2 


2 



BSR d. 16 Normal 

2 


1 

2 


Advanced 

2 


2 

2 

BST 

BST #xx:3. Rd 

1 





BST#xx:3. @ERd 

2 



2 


BST #xx:3. @aa:8 

2 



2 

BIST 

BTST #xx:3. Rd 

1 





BTST #xx:3. @ERd 

2 



1 


BTST #xx:3, @aa:8 

2 



1 


BTST Rn. Rd 

1 





BTST Rn, @ERd 

2 



1 


BTST Rn, @aa:8 

2 



1 

BXOR 

BXOR #xx:3. Rd 

1 





BXOR #xx:3. @ERd 

2 



1 


BXOR #xx:3, @aa:8 

2 



1 

CMP 

CMP.B #xx:8, Rd 

1 





CMP.B Rs, Rd 

1 





CMPW#xx:16. Rd 

2 





CMP.W Rs, Rd 

1 





CMP.L #xx:32, ERd 

3 





CMRL ERs, ERd 

1 




DAA 

DAA Rd 

1 




DAS 

DAS Rd 

1 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction 

Mnemonic 

Instruction 

Fetch 

1 

Branch Stack Byte Data Word Data Internal 

Addr. Read Operation Access Access Operation 
J K L M N 

DEC 

DEC.B Rd 

1 




DEC.W#1/2. Rd 

1 




DEC.L #1/2, ERd 

1 



DIVXS 

DIVXS.B Rs. Rd 

2 


12 


DIVXS.W Rs. ERd 

2 


20 

DIVXU 

DIVXU.B Rs, Rd 

1 


12 


DIVXU.W Rs, ERd 

1 


20 

EEPMOV 

EEPMOV.B 

2 

20 + 2*2 



EEPMOV.W 

2 

2n + 2*2 


EXTS 

EXTS.W Rd 

1 




EXTS.L ERd 

1 



EXTU 

EXTU.W Rd 

1 




EXTU.L ERd 

1 



INC 

INC.BRd 

1 




INC.W #1/2, Rd 

1 




INC.L#1/2. ERd 

1 



JMP 

JMP @ERn 

2 




JMP @aa:24 

2 


2 


JMP (§>@aa:8 Normal 

2 

1 

2 


Advanced 2 

2 

2 

JSR 

JSR @ERn Normal 

2 

1 



Advanced 2 

2 



JSR @aa:24 Normal 

2 

1 

2 


Advanced 2 

2 

2 


JSR@@aa:8 Normal 

2 

1 1 



Advanced 2 

2 2 


LDC 

LDC #xx:8. CCR 

1 




LDC Rs. CCR 

1 




LDC @ERs. CCR 

2 

1 



LDC @(d.16. ERs), CCR 3 

1 



LDC @(d:24. ERs). CCR 5 

1 



LDC @ERs+. CCR 

2 

1 

2 


LDC @aa:16, CCR 

3 

1 



LDC @aa:24. CCR 

4 

1 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Mnemonic 

Instruction Branch Stack Byte Data Word Data Internal 

Fetch Addr. Read Operation Access Access Operation 

1 J K L M N 

MOV MOV.B #xx:8. Rd 

1 






MOV.B Rs. Rd 

1 






MOV.B @ERs. Rd 

1 



1 



MOV.B @(d:16. ERs). Rd 

2 



1 



MOV.B @(d24. ERs). Rd 

4 



1 



MOV.B @ERs+, Rd 

1 



1 


2 

MOV.B @aa:8. Rd 

1 



1 



MOV.B @aa:16. Rd 

2 



1 



MOV.B @aa:24. Rd 

3 



1 



MOV.B Rs. @ERd 

1 



1 



MOV.B Rs. @(d:16. ERd) 

2 



1 



MOV.B Rs. @(d24. ERd) 

4 



1 



MOV.B Rs. (g>-€Rd 

1 



1 


2 

MOV.B Rs. @aa:8 

1 



1 



MOV.B Rs. @aa:16 

2 



1 



MOV.B Rs. @aa:24 

3 



1 



MOV.W #xx:16. Rd 

2 






MOV.W Rs. Rd 

1 






MOV.W @ERs. Rd 

1 




1 


MOV.W @(d:16. ERs). Rd 

2 




1 


MOV.W @(d:24. ERs). Rd 

4 




1 


MOV.W @ERs+. Rd 

1 




1 

2 

MOV.W @aa:16. Rd 

2 




1 


MOV.W @aa:24. Rd 

3 




1 


MOV.W Rs. @ERd 

1 




1 


MOV.W Rs. @(d:16. ERd) 

2 




1 


MOV.W Rs. @(d:24. ERd) 

4 




1 


MOV.W Rs. (§>-ERd 

1 




1 

2 

MOV.W Rs. @aa:16 

2 




1 


MOV.W Rs. @aa:24 

3 




1 


MOV.L #xx:32. ERd 

3 






MOV.L ERs. ERd 

1 






MOV.L @ERs. ERd 

2 




2 


MOV.L@(d:16. ERs). ERd 3 




2 


MOV.L @(d24. ERs). ERd 5 




2 


MOV.L @ERs+. ERd 

2 




2 

2 

MOV.L@aa:16. ERd 

3 




2 


MOV.L @aa:24. ERd 

4 




2 


MOV.L ERs, <§)ERd 

2 




2 


MOV.L ERs, @(d:16. ERd) 3 




2 


MOV.L ERs, @(d;24. ERd) 5 




2 


MOV.L ERs. @-ERd 

2 




2 

2 

MOV.L ERs, @aa:16 

3 




2 


MOV.L ERs. @aa:24 

4 




2 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch Suck Byte DaU Word DaU Internal 

Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 


MOVFPE 

MOVFPE @aa:16, Rd* 

2 

1 


MOVTPE 

MOVTPE Rs. (§>aa:16* 

2 

1 


MULXS 

MULXS.B Rs. Rd 

2 


12 


MULXS.W Rs. ERd 

2 


20 

MULXU 

MULXU.B Rs, Rd 

1 


12 


MULXU.W Rs. ERd 

1 


20 

NEG 

NEG.B Rd 

1 




NEG.W Rd 

1 




NEG.L ERd 

1 



NOP 

NOP 

1 



NOT 

NOTB Rd 

1 




NOT.W Rd 

1 




NOT.L ERd 

1 



OR 

OR.B #xx;8, Rd 

1 




OR.B Rs. Rd 

1 




OR.W #xx:16. Rd 

2 




OR.W Rs. Rd 

1 




OR.L #xx:32. ERd 

3 




OR.L ERs. ERd 

2 



ORC 

ORC #xx;8. CCR 

1 



POP 

POP.W Rn 

1 

1 

2 


POPL ERn 

2 

2 

2 

PUSH 

PUSH.W Rn 

1 

1 

2 


PUSH.L ERn 

2 

2 

2 

ROTL 

ROTL.B Rd 

1 




ROTL.W Rd 

1 




ROTL.L ERd 

1 



ROTR 

ROTR.B Rd 

1 




ROTR.W Rd 

1 




ROTR.L ERd 

1 



ROTXL 

ROTXLB Rd 

1 




ROTXLW Rd 

1 




ROTXLL ERd 

1 



ROTXR 

ROTXR.B Rd 

1 




ROTXR.W Rd 

1 




ROTXR.L ERd 

1 



RTE 

RTE 

2 

2 

2 


Note: * Not available In the H8/3042 Series. 
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Table A-3 Number of Cycles per Instruction (cont) 




Instruction 

Branch 

Stack 

Byte Data Word Data Internal 



Fetch 

Addr. Read Operation Access 

Access Operation 

Instruction 

Mnemonic 

1 

J 

K 

L 

M N 

RTS 

RTS Normal 

2 


1 


2 


Advanced 

2 


2 


2 

SHAL 

SHALB Rd 

1 






SHALWRd 

1 






SHALL ERd 

1 





SHAR 

SHAR.B Rd 

1 






SHAR.W Rd 

1 






SHAR.L ERd 

1 





SHLL 

SHLLB Rd 

1 






SHLLW Rd 

1 






SHLLL ERd 

1 





SHLR 

SHLR.B Rd 

1 






SHLR.W Rd 

1 






SHLR.L ERd 

1 





SLEEP 

SLEEP 

1 





STC 

STC CCR, Rd 

1 






STC CCR. @ERd 

2 




1 


STC CCR. @(d:16. ERd) 3 




1 


STC CCR. @(d:24. ERd) 5 




1 


STC CCR. @-ERd 

2 




1 2 


STC CCR. @aa:16 

3 




1 


STC CCR. @aa:24 

4 




1 

SUB 

SUB.B Rs. Rd 

1 






SUB.W #xx:16. Rd 

2 






SUB.W Rs. Rd 

1 






SUB.L#xx:32. ERd 

3 






SUB.L ERs. ERd 

1 





SUBS 

SUBS #1/2/4, ERd 

1 





SUBX 

SUBX #xx:8. Rd 

1 






SUBX Rs. Rd 

1 





TRAPA 

TRAPA #x:2 Normal 

2 

1 

2 


4 


Advanced 

2 

2 

2 


4 


XOR 

XOR.B #xx:8. Rd 

1 


XOR.B Rs. Rd 

1 


XOR.W#xx:16. Rd 

2 


XOR.W Rs. Rd 

1 


XOR.L#xx:32. ERd 

3 


XOR.L ERs. ERd 

2 

XORC 

XORC #xx;8, CCR 

1 


Notes: 1. n is the value set in register R4L or R4. The source and destination are accessed n + 1 times each. 
2. Not available in the H8/3042 Series. 
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Appendix B Register Field 

B.l Register Addresses and Bit Names 


Data 

Addraas Registar Bus 


(low) 

Nama 

Width 

Bn 7 

Bit 6 

Bits 

Bit 4 

Bits 

Bh2 

BHI 

BitO 

Modula Nama 

H’1C 












mo 












KIE 












H*1F 












H*20 

MAROAR 

8 









DMAC 

H2^ 

MAROAE 

8 









channel OA 

H22 

MAROAH 

8 










H’23 

MAROAL 

8 










K24 

ETCROAH 

8 










H*25 

ETCROAL 

8 










H’26 

lOAROA 

8 










H*27 

DTCROA 

8 

DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Short 

address 

mode 




DTE 

DTSZ 

SAID 

SAIDE 

DTIE 

DTS2A 

DTS1A 

DTSOA 

Full 

address 

mode 

^28 

MAROBR 

8 









_ DMAC 

H’29 

MAROBE 

8 









’ channel OB 

H2A 

MAROBH 

8 










H2B 

MAROBL 

8 










H*2C 

ETCROBH 

8 










H’2D 

ETCROBL 

8 










H’2E 

tOAROB 

8 










H*2F 

DTCROB 

8 

DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Short 

address 

mode 




DTME 


DAID 

DAIDE 

TMS 

DTS2B 

DTS1B 

DTSOB 

Full 

address 

mode 


Legend 

DMAC: DMA controller 
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Address 

Register 

Name 

Data 

Bus 




Bit Names 





(low) 

Width 

Bh7 

Bite 

Bits 

Bit 4 

Bits 

BH2 

BH1 

BitO 

Module Name 

H-30 

MAR1AR 

a 









DMAC 

H31 

MAR1AE 

8 









channel 1A 

K32 

MAR1AH 

8 










H’33 

MAR1AL 

8 










H*34 

ETCR1AH 

8 










was 

ETCR1AL 

8 










H36 

iOARIA 

8 










H37 

DTCR1A 

8 

DTE 

DTSZ 

DTiD 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Short 

address 

mode 




DTE 

DTSZ 

SAiD 

SAIDE 

DTIE 

DTS2A 

DTS1A 

DTSOA 

Full 

address 

mode 

K38 

MAR1BR 

8 









DMAC 

H*39 

MARI BE 

8 









channel 1B 

H*3A 

MAR1BH 

8 










H*3B 

MAR1BL 

8 










K3C 

ETCR1BH 

8 










K30 

ETCR1BL 

8 










H*3E 

IOAR1B 

8 










H’3F 

DTCR1B 

8 

DTE 

DTSZ 

DTID 

RPE 

DTiE 

DTSZ 

DTS1 

DTSO 

Short 

address 

mode 




DTME 


DAID 

DAiDE 

TMS 

DTS2B 

DTS1B 

DTSOB 

Full 

address 

mode 

H’40 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


H’41 

— 

— 

— 


— 

— 

— 

— 

— - 

— 


K42 

— 

— 

— 

— 

— 

— 

— 

— 

-- 

— 


H*43 — — _ — 

K44 — — — — _ — — — _ 

H’45 — — — 

H-46 — _________ 

H*47 

H-48— — 

H*49 — — 

H‘4A — - — — — — — 

H*4B 


Legend 

DMAC: DMA controller 
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Data 

Address Rogistsr Bus __ Bh Names _ 

(low) Nams Width Bit7 Bits Bh 5 Bit4 Bit3 Bit2 BH1 BitO ModulsNama 

K4C — — — — — — — — — — 


H*4D 


HAE 


HAf 


KSO 


H-51 

K52 


H’53 — 


H‘54 


H-55 


H-56 


H-57 


H-58 


H*59 


H-5A 


H’5B 


H-5C 


H*5D 


K5E 


HSf 


K60 

TSTR 

8 

— 

— 

— 

STR4 

STR3 

STR2 

STR1 

STRO 

ITU 

KBI 

TSNC 

8 

— 

— 

— 

SYNC4 

SYNC3 

SYNC2 

SYNC1 

SYNCO 

(all channels) 

^62 

TMDR 

8 


MDF 

FDIR 

PWM4 

PWM3 

PWM2 

PWM1 

PWMO 


H’63 

TFCR 

8 

— 

— 

CMD1 

CMDO 

BFB4 

BFA4 

BFB3 

BFA3 


K64 

TCRO 

8 


CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

ITU channel 0 

K65 

TiORO 

8 

— 

IOB2 

iOBI 

iOBO 

— 

iOA2 

10A1 

iOAO 


H*66 

TiERO 

8 

— 


— 

— 

— 

OViE 

IMiEB 

IMIEA 


H’67 

TSRO 

8 

— 

— 

— 


— 

OVF 

IMFB 

IMFA 


K68 

TCNTOH 

16 










H’69 

TCNTOL 











KSA 

GRAOH 

16 










K6B 

GRAOL 











K6C 

GRBOH 

16 










H6D 

GRBOL 











K6E 

TCR1 

8 

— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

ITU channel 1 

H’6F 

TIOR1 

8 

— 

iOB2 

IOBI 

IOBO 

— 

IOA2 

iOAl 

IOAO 



Legend 

UU: IG-bit integrated timer unit 
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Data 

Addrass Raglster Bus 


(low) 

Name 

Width 

Bit? 

Bite 

Bits 

Btt4 

Bits 

Bit 2 

Bitl 

BHO 

Module Name 

H-70 

TIER1 

8 

— 

— 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 

ITU channel 1 

K71 

TSR1 

8 

— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 


H72 

TCNT1H 

16 










H-73 

TCNT1L 











H-74 

GRAIN 

16 










H-75 

GRAIL 











K76 

GRB1H 

16 










^77 

GRB1L 











K78 

TCR2 

8 

— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

ITU channel 2 

H*79 

TIOR2 

8 

— 

IOB2 

IOB1 

1060 

— 

IOA2 

KDAI 

lOAO 


H7A 

TIER2 

8 

— 

— 

— 

— 

-- 

OVIE 

IMIEB 

IMIEA 


H7B 

TSR2 

8 

— 

— 

— 

—- 

— 

OVF 

IMFB 

IMFA 


H7C 

TCNT2H 

16 










H7D 

TCNT2L 











H7E 

GRA2H 

16 










H7f 

GRA2L 











H*80 

GRB2H 

16 










KSI 

GRB2L 











^82 

TCR3 

8 

— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

ITU channel 3 

H‘83 

TIOR3 

8 

— 

IOB2 

IOB1 

lOBO 

— 

I0A2 

I0A1 

lOAO 


H*84 

TIER3 

8 

— 

— 


— 

— 

OVIE 

IMIEB 

IMIEA 


^85 

TSR3 

8 

— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 


K86 

TCNT3H 

16 










H*87 

TCNT3L 











H*88 

GRA3H 

16 










H*89 

GRA3L 











H‘8A 

GRB3H 

16 










H'8B 

GRB3L 











K8C 

BRA3H 

16 










KSD 

BRA3L 











H’8E 

BRB3H 

16 










H’8F 

BRB3L 











H’90 

TOER 

8 

— 

— 

EXB4 

EXA4 

EB3 

EB4 

EA4 

EA3 

- ™ 

H*91 

TOCR 

8 


— 

— 

XTGD 

— 

— 

OLS4 

OLS3 

" (all channels) 

H’92 

TCR4 

8 


CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

ITU channel 4 

H-93 

TIOR4 

8 

— 

IOB2 

IOB1 

lOBO 

— 

IOA2 

IOA1 

lOAO 



Legend 

nrU: 16-bit integrated timer unit 
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Data 

Address Rsgistsr Bus 


(low) 

Nams 

Width 

BH7 

Bit 6 

BH5 

Bit 4 

BK3 

Bit 2 

BItl 

BitO 

Module Nams 

H*94 

TIER4 

8 

— 

— 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 

rru channel 4 

K95 

TSR4 

8 

— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 


K96 

TCNT4H 

16 










H’97 

TCNT4L 











H’98 

GRA4H 

16 










H*99 

GRA4L 











K9A 

GRB4H 

16 










H’9B 

GRB4L 











H*9C 

BRA4H 

16 










H*9D 

BRA4L 











H’9E 

BRB4H 

16 










K9F 

BRB4L 











HAO 

TPMR 

8 

— 

— 

— 

— 

G3NOV 

G2NOV 

G1NOV 

GONOV 

TPC 

H’A1 

TPCR 

8 

G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 G0CMS1 GOCMSO 


H’A2 

NDERB 

8 

NDER15 NDER14 NDER13 NOER12 NDER11 NDER10 NDER9 

NDER8 


H’A3 

NDERA 

8 

NDER7 

NDER6 

NDER5 

NDER4 

NDER3 

NDER2 

NDER1 

NDERO 


H*A4 

NDRB‘1 

8 

NDR15 

NDR14 

NDR13 

NDR12 

NDR11 

NDR10 

NDR9 

NDR8 




8 

NDR15 

NDR14 

NDR13 

NDR12 

— 

— 

— 

— 


KA5 

NORA*' 

8 

NDR7 

NDR6 

NDR5 

NOR4 

NDR3 

NDR2 

NDR1 

NDRO 




8 

NDR7 

NOR6 

NDR5 

NDR4 

— 

— 

— 



H’A6 

NDRB'i 

8 

— 

— 

— 

— 

— 

— 






8 

— 

— 

— 

— 

NDR11 

NDR10 

NDR9 

NDR8 


KA7 

NDRA'I 

8 

— 

— 

— 

— 

— 

— 

__ 

— 




8 

— 

— 

— 

— 

NDR3 

NDR2 

NDR1 

NDRO 


H*A8 

TCSR*2 

8 

OVF 

WT/rf 

TME 

— 

— 

CKS2 

CKS1 

CKSO 

WDT 

H’A9 

TCNT*2 

8 










H*AA 

— 


— 

— 

— 

— 

— 

— 

— 

— 


H’AB 

RSTCSR'3 8 

WRST 

RSTOE 

— 

— 

— 

— 

— 

— 


H’AC 

RFSHCR 

8 

SRFMD 

PSRAME DRAME 

CASA/VE M9/M8 

PFSHE 

— 

RCYCE 

Refresh 

H*AD 

RTMCSR 

8 

CMF 

CMIE 

CKS2 

CKS1 

CKSO 

— 

— 

— 

controller 

KAE 

RTCNT 

8 










H’AF 

RTCOR 

8 











Notes: 1. The address depends on the output trigger setting. 

2. For write access to TCSR and TCNT, see section 12.2.4. Notes on Register Access. 

3. For write access to RSTCSR, see section 12.2.4. Notes on Register Access. 


Legend 

ITU: 16-bit integrated timer unit 

TPC: Programmable timing pattern controller 

WDT: Watchdog timer 
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Data 

Address Register Bus 


(low) 

Name 

Width 

Bit? 

Btt6 

Bft5 

Bit 4 

Btt3 

Bit 2 

Biti 

BitO 

Module Name 

HBO 

SMR 

8 

C/A 

CHR 

PE 

o€ 

STOP 

MP 

CKS1 

CKSO 

SCI channel 0 

HB1 

BRR 

8 










H*B2 

SCR 

8 

TIE 

RiE 

TE 

RE 

MPIE 

TEIE 

CKE 1 

CKEO 


H-B3 

TDR 

8 










^64 

SSR 

8 

TDRE 

RDRF 

ORER 

FER 

PER 

TEND 

MPB 

MPBT 


KBS 

RDR 

8 










KBS 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KB7 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KB 8 

SMR 

8 

C/A 

CHR 

PE 

0 € 

STOP 

MP 

CKS 1 

CKSO 

SCI channel 1 

KB9 

BRR 

8 










KBA 

SCR 

8 

TIE 

RIE 

TE 

RE 

MPIE 

TEIE 

CKE 1 

CKEO 


KBB 

TDR 

8 










KBC 

SSR 

8 

TDRE 

RDRF 

ORER 

FER 

PER 

TEND 

MPB 

MPBT 


KBD 

RDR 

8 










KBE 

— 


— 

— 

— 

— 

— 

— 

— 



KBF 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KCO 

P 1 DDR 

8 

PI 7 DDR PlfiDDR PI 5 DDR PI 4 DDR PI 3 DDR PI 2 DDR P 1 ,DDR PIqDDR 

Port 1 

KC1 

P 2 DDR 

8 

P 27 DDR P26DDR P 25 DDR P 24 DDR P 23 DDR P 22 DDR P2iDDR P2oDDR 

Port 2 

KC2 

PI DR 

8 

PI 7 

Pie 

PI 5 

PI 4 

PI 3 

PI 2 

PI 1 

PI 0 

Port 1 

KC3 

P 2 DR 

8 

P27 

PZe 

P 25 

P24 

P23 

P 22 

P2i 

P2o 

Port 2 

KC4 

P3DDR 

8 

P 37 DDR PSgDDR P 35 DDR P 34 DDR P 33 DDR P 32 DDR P3iDDR P3oDDR 

Port 3 

KC5 

P4DDR 

8 

P 47 DDR P46DDR P 45 DDR P 44 DDR P 43 DDR P 42 DDR P4iDDR P4oDDR 

Port 4 

KC 6 

P3DR 

8 

P37 

P36 

P35 

P34 

P33 

P32 

P3, 

P3o 

Port 3 

KC7 

P4DR 

8 

P47 

P-ie 

PAs 

P44 

PA 3 

P42 

P4, 

P4o 

Port 4 

KC 8 

P5DDR 

8 

— 


— 

— 

P 53 DDR P 52 DDR PS, DDR PSqDDR 

Ports 

KC9 

P 6 DDR 

8 

— 

PSeDDR P 65 DDR P 64 DDR P 63 DDR P 62 DDR PS, DDR PSqDDR 

Ports 

KCA 

P5DR 

8 

— 

— 

— 

— 

P53 

PSz 

P5i 

P5o 

Ports 

KCB 

P 6 DR 

8 

— 

PSe 

P 65 

P 64 

P 63 

P 62 

P 6 , 

P 60 

Ports 

KCC 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KCD 

P 8 DDR 

8 

— 

— 

— 

P 84 DDR P 83 DDR P 82 DDR P 81 DDR P 80 DDR 

Ports 

KCE 

P7DR 

8 

P77 

P76 

P75 

P74 

P73 

P72 

P7i 

P7o 

Port 7 

KCF 

P 8 DR 

8 

— 

— 

— 

P 84 

P 83 

P 82 

P 8 , 

P 80 

Ports 

KDO 

P9DDR 

8 

— 

— 

P 95 DDR P 94 DDR P 93 DDR P 92 DDR P9iDDR P9 oDDR 

Port 9 

KD1 

PADDR 

8 

PA 7 DDR PAeDDR PA 5 DDR PA 4 DDR PA 3 DDR PA 2 DDR PA,DDR PAoDDR 

Port A 

KD2 

P9DR 

8 

— 

— 

PSe 

P94 

P93 

P92 

P9l 

P9o 

Port 9 

KD3 

PADR 

8 

PA 7 

PAe 

PA 5 

PA 4 

PA 3 

PA 2 

PAi 

PAq 

Port A 


Legend 

SCI: Serial communication interface 
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Data 

Addrats Registar Bus 


(low) 

Nama 

Width 

Bft7 

Bft 6 

Btt5 

Bit 4 

Bits 

Bn 2 

Biti 

BitO 

Modula Nama 

^04 

PBDDR 

8 

PB 7 DDR PBeDDR PB 5 DDR PB 4 DDR PB 3 DDR PB 2 DDR PBiDDR PBqDDR 

PortB 

HDS — — — — — — — — — ^ — 

HD 6 

PBDR 

8 

PB 7 

PBg 

PBs 

PB 4 

PB 3 

PB 2 

PBi 

PBo 


HD7 

— 

— 

—• 

— 

— 

— 

— 

— 

— 

— 

— 

KD 8 

P2PCR 


P 27 PCR P 26 PCR P 25 PCR P 24 PCR P 23 PCR P 22 PCR P2,PCR P2oPCR 

Port 2 

KD9 

— 


— 

— 

— 

— 


— 

— 

— 


H’DA 

P4PCR 

8 

P 47 PCR PAgPCR P 45 PCR P 44 PCR P 43 PCR P 42 PCR P4iPCR P4oPCR 

Port 4 

H*DB 

P5PCR 

8 

— 

— 

— 

— 

P 53 PCR P 52 PCR PSiPCR PSqPCR 

Ports 

H*DC 

DADRO 

8 









D/A converter 

H*DD 

DADR 1 

8 










HDE 

DACR 

8 

DAOE1 

DAOEO 

DAE 

— 

— 

— 

—• 

— 


HDf 

— 


— 

— 

— 

— 

— 

— 


— 


H’EO 

ADDRAH 

8 

AD9 

ADS 

AD7 

ADS 

ADS 

AD4 

AD3 

AD2 

A/D converter 

H*E 1 

ADDRAL 

8 

AD 1 

ADO 

— 

— 

— 

— 

— 

— 


H’E2 

ADDRBH 

8 

AD9 

AD 8 

AD7 

ADS 

ADS 

AD4 

AD3 

AD2 


H*E3 

ADDRBL 

8 

A01 

ADO 

— 

— 

— 

— 

— 

— 


H’E4 

ADDRCH 

8 

ADS 

ADS 

AD7 

ADS 

ADS 

AD4 

ADS 

AD2 


H‘E5 

ADDRCL 

8 

AD1 

ADO 

— 

— 

— 

— 

— 

— 


KE 6 

ADDRDH 

8 

ADS 

AD 8 

AD7 

ADS 

ADS 

AD4 

AD3 

AD2 


H’E7 

ADDRDL 

8 

AD1 

ADO 

— 

— 

— 

— 

— 

— 


H’E 8 

ADCSR 

8 

ADF 

ADIE 

ADST 

SCAN 

CKS 

CH2 

CHI 

CHO 


H‘E9 

ADCR 

8 

TRGE 

— 

— 

— 

— 

— 

— 

— 


KEA 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KEB 

— 


— 

— 

— 

— 

— 

— 

— 

— 


H’EC 

ABWCR 

8 

ABW7 

ABW 6 

ABW5 

ABW4 

ABW3 

ABW2 

ABW 1 

ABWO 

Bus controller 

H*ED 

ASTCR 

8 

AST7 

AST 6 

AST5 

AST4 

AST3 

AST2 

AST1 

ASTO 


H’EE 

WCR 

8 

— 

— 

— 

— 

WMS 1 

WMSO 

WC1 

WCO 


KEF 

WCER 

8 

WCE7 

WCE 6 

WCE5 

WCE4 

WCE3 

WCE2 

WCE1 

WCEO 


KFO 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KF 1 

MDCR 

8 

— 

— 

— 

— 

— 

MDS2 

MDS 1 



KF2 

SYSCR 

8 

SSBY 

STS 2 

STS 1 

STSO 

UE 

NMIEG 

— 



KF3 

BRCR 

8 

A23E 

A22E 

A21E 

— 

— 

— 

— 

BRLE 

Bus controller 

KF4 

ISCR 

8 

— 

— 

IRQ5SC 

IRQ4SC 

IRQ3SC 

IRQ2SC 

IRQ1SC IRQOSC 

Interrupt 

KF5 

lER 

8 

— 

— 

IRQ5E 

IRQ4E 

IRQ3E 

IRQ2E 

IRQ1E 

IRQOE 

controller 

KF 6 

ISR 

8 

— 

— 

IRQ5F 

IRQ4F 

IRQ3F 

IRQ2F 

IRQ1F 

IRQOF 


KF7 

— 


— 

— 

— 

— 

— 

— 

— 

— 


KF 8 

IPRA 

8 

IPRA7 

1PRA6 

IPRA5 

IPRA4 

IPRA3 

IPRA 2 

IPRA1 

IPRAO 


KF9 

iPRB 

8 

IPRB7 

IPRB 6 

IPRB5 


IPRB3 

IPRB 2 

iPRBI 
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B.2 Register Descriptions 


Register- 
acronym 


Register r— Address to which 
name / the register is mapped 


• Name of on-chip 
supporting 
module 
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MAROA R/E/H/L—Memory Address Register OA R/E/H/L H’20, H'21, 

H‘22, H'23 


DMACO 


Bit 

Initial value 
Read/Write 

Bit 

Initial value 
Read/Write 


31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 
















1 

1 

1 

1 

1 

1 

1 

1 

1 



Undetermined 



— 

— 

— 

— 

— 

— 

— 

— 

RAWRAWRMRAVRAWRAWRAWRAW 

\_ _ j 




MAROAR 







MAROAE 




15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 



















Undetermined 





Undetermined 



RAV R/W RAA/ R/W RAN RAN RAN RAN RAN RAN RAN RAN RAN RAN RAN RAN 

__ __ ^ ___ j 




MAROAH 







MAROAL 





Source or destination address 
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ETCROA H/L— Execute Transfer Count Register OA H/L H’24, H’25 DMACO 

• Short address mode 
I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

Read/Write RAW R/W R/W R/W RW R/W R/W RAW RAV R/W RAV RAW R/W RAV RAV RAV 

I 

Transfer counter 

Repeat mode 


Bit 

7 6 5 4 3 2 1 0 










Initial value 

Read/Write 

Undetermined 

RAW RAW RAW RAW RAW RAW RAW RAW 

V-^- > 


ETCR^ 


Transfer counter 


Bit 

7 6 5 4 3 2 1 0 










Initial value 

ReadAWrite 

Undetermined 

RAW RAW RAW RAW RAW RAW RAW RAW 

V-.-' 

ETCROAL 


Initial count 






ETCROAH/L—Execute Transfer Count Register OAH/L H’24,H’25 DMACO 

(cont) 

• Full address mode 
Normal mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

ReadA/Vrite R/W R/W RA/V R/W RM RAW RAW R/W RAV R/W RA/V RAW RAW RW RM R/W 

Transfer counter 


Block transfer mode 


Bit 76543210 


initial value Undetermined 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

V-^- 

ETCROAH 


Block size counter 


Bit 7 6 5 4 3 2 1 0 


Initial value Undetermined 

Read/Write R/W R/W R/W R/W R/W R/W RAV R/W 

V__ J 

ETCROAL 


Initial block size 
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lOAROA —VO Address Register OA 


H’26 


DMACO 


Bit 

Initial value 
Read/Write 


7 6 5 4 3 2 1 0 


Undetermined 




Short address mode: source or destinatbn address 
Full address mode: not used 
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DTCROA—Data 'Dransfer Control Register OA 


H’27 


DMACO 


• Short address mode 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAW 

RAW 

RAW 

R/W 

R/W 

RAW 

R/W 

R/W 


r 


Data transfer select 


Bit 2 

Biti 

BitO 

Data Transfer Activation Source 

DTS2 

DTS1 

DTSO 

■ 

■ 

0 

Compare match/input capture A interrupt from ITU channel 0 

1 

Compare match/input capture A interrupt from ITU channel 1 

1 

0 

Compare match/input capture A interrupt from ITU channel 2 

1 

Compare match/input capture A interrupt from ITU channel 3 

1 

0 

0 

SCIO transmit-data-empty interrupt 

1 

SCIO receive-data-full interrupt 

1 

* 

Transfer in full address mode 


Data transfer Interrupt enable 



interrupt requested by DTE bit is disabled 


interrupt requested by DTE bit is enabled 


Repeat enable 


RPE 

DTIE 

Description 

0 

0 

I/O mode 

1 

1 

0 

Repeat mode 

1 

Idle mode 


Data transfer Increment/decrement 


0 

Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer 

If DTSZ = 1, MAR is incremented by 2 after each transfer 

T 

Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer 

If DTSZ = 1, MAR is decremented by 2 after each transfer 


Data transfer size 


0 

Byte-size transfer 

[t 

Word-size transfer 


Data transfer enable 


0 

Data transfer is disabled 

1 

Data transfer is enabled 
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DTCROA—Data Transfer Control Register OA H*27 DMACO 

(cont) 

• Full address mode 


7 

6 

5 

4 

3 

2 

1 

0 

DTE 

DTSZ 

SAID 

SAIDE 

DTE 

DTS2A 

DTS1A 

DTSOA 


Initial value 0 0000000 

Read/Write R/WR/WR/WRWRMRWR/WR/W 


Data transfer select OA 


0 

Normal mode 

1 

Block transfer mode 


Data transfer select 2A an d 1A 
Sat both bits to 1 I 


Data transfer Interrupt enable 


0 

Interrupt request by DTE bit is disabled 

1 

interrupt request by DTE bit is enabled 


Source address Increment/decrement 


Bits 

Bit 4 

Increment/Decrement Enable 

SAID 

SAIDE 

0 

0 

MARA is held fixed 

1 

Incremented: If DTSZ = 0, MARA is incremented by 1 after each transfer 

If DTSZ = 1, MARA is incremented by 2 after each transfer 

1 

0 

MARA is held fixed 

1 

Decremented: If DTSZ = 0, MARA is decremented by 1 after each transfer 
If DTSZ = 1, MARA is decremented by 2 after each transfer 


Data transfer size 


0 

Byte-size transfer 

1 

Word-size transfer 


Data transfer enable 


0 

Data transfer is disabled 

1 

Data transfer is enabled 
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MAROB R/E/H/L—Memory Address Register OB R/E/H/L H'28, H'29, 

H'2A, H'2B 


DMACO 


Bit 

Initial value 
Read/Write 

Bit 

Initial value 
Read/Write 


31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 
















1 

1 

1 

1 

1 

1 

1 

1 

1 



Undetermined 



— 

— 

— 

— 

— 

— 

— 

— 

RAVRAWR/WRAWRA/VRAVRAVRAV 

_ j 




MAROBR 







MAROBE 




15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 













_ 






Undetermined 





Undetermined 



R/W aw R/W R/W FIW FIW RW R/W RM R/W R/W R/W R/W 

V_ ) V_ ) 




MAROBH 







MAROBL 





Source or destinatbn address 
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ETCROBH/L—Execute Transfer Count Register OB H/L H'2C,H’2D DMACO 
• Short address mode 
I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

Read/Write RM RAV RW RAW RM R/W RW RAV RAV R/W FVW R/W R/W RAW RAV R/W 

Transfer counter 


Repeat mode 

Bit 7 6 5 4 3 210 

Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW 

V-^- 

ETCROBH 


Transfer counter 

Bit 7 6 5 4 3 210 

Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW 

V-^- > 

ETCROBL 


Initial count 
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ETCROB H/L—Execute Transfer Count Register OB H/L H’2C, H*2D DMACO 

(cont) 

• Full address mode 
Normal mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

Read/Write R/WRAA/RyWRWRAA^R)WRMR/WRAVR/WR>WR/WR>^ 


Not used 


Block transfer mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value Undetermined 

Read/Write R/W R/W R/W R/W RW R/W RA/V R/W R/^ R/W R/W R/W R/W R/W R/W 


Block transfer counter 


lOAROB—I/O Address Register OB H’2E DMACO 

Bit 7 6 5 4 3 210 

initial value Undetermined 

Read/Write R/W R>W R/W R/W R/W R/W R/W R/W 


Short address mode: source or destination address 
Full address mode: not used 
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DTCROB—Data TVansfer Control Register OB 


H’2F 


DMACO 


• Short address mode 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAV 

R/W 

RW 

R/W 

W)N 

R/W 

R/W 


r 


Data transfer select 


Bit 2 

Biti 

BitO 

Data Transfer Activation Source 

DTS2 

DTS1 

DTSO 

0 

0 

0 

Compare match/input capture A interrupt from ITU channel 0 

1 

Compare match/input capture A interrupt from ITU channel 1 

1 

0 

Compare match/input capture A interrupt from ITU channel 2 

1 

Compare match/input capture A interrupt from ITU channel 3 

1 

0 

0 

SCIO transmit-data-empty interrupt 

1 

SCiO receive-data-fuli interrupt 

1 

0 

Falling edge of DREQ input 

1 

Low level of DREQ input 


Data transfer Interrupt enable 


0 

Interrupt requested by DTE bit is disabled 

1 

Interrupt requested by DTE bit is enabled 
CPU interrupt requested when DTE = 0 


Repeat enable 


RPE 

DTIE 

Description 

■ 

0 

I/O mode 

1 

1 

0 

Repeat mode 

1 

Idle mode 


Data transfer increment/decrement 


0 

Incremented: If DTSZ = 0, MAR Is incremented by 1 after each transfer 

If DTSZ = 1, MAR is incremented by 2 after each transfer 

T 

Decremented: If DTSZ « 0, MAR is decremented by 1 after each transfer 

If DTSZ « 1, MAR is decremented by 2 after each transfer 


Data transfer size 


0 

Byte-size transfer 

\t 

Word-size transfer 


Data transfer enable 


0 

Data transfer is disabled 

1 

Data transfer is enabled 
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DTCROB—^Data Transfer Control Register OB 


H'2F 


DMACO 


• Full address mode 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DIME 

— 

DAID 

DAIDE 

TMS 

DTS2B 

DTS1B 

DTSOB 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

ReadA/Vrite 

FVW 

mi 

FVW 

FWi 

rwi 

FVW 

mi 

mi 


I 


Data transfer select 2B to OB 


Bit 2 

Bit1 

BitO 

Data Transfer Activation Source 



[SB 

Normal Mode 

Block Transfer Mode 

■ 


H 

Auto-request 
(burst mode) 

Compare match/input capture 

A from ITU channel 0 

■ 

■ 

1 

Not available 

Compare match/input capture 

A from ITU channel 1 

■ 

1 

H 

Auto-request 
(cycle-steal mode) 

Compare match/input capture 

A from ITU channel 2 

■ 


1 

Not available 

Compare match/input capture 

A from ITU channel 3 

1 

0 

0 

Not available 

Not available 



1 

Not available 

Not available 


1 

0 


■"Twriwii—I 



1 

lenEEBlEiililrL*! 

Not available 


Transfer mode select 


m 

Destination is the block area in block transfer mode 

D 

Source is the block area in block transfer mode 


Destination address Increment/decrement 


Bits 

Bit 4 

Increment/Decrement Enable 

DAID 

DAIDE 

■ 

0 

MARB is held fixed 

1 

Incremented: If DTSZ * 0, MARB is incremented by 1 after each transfer 

If DTSZ « 1, MARB is incremented by 2 after each transfer 

1 

0 

MARB is held fixed 

1 

Decremented: If DTSZ » 0, MARB is decremented by 1 after each transfer 

If DTSZ = 1, MARB is decremented by 2 after each transfer 


Data transfer master enable 


0 

Data transfer is disabled 

1 

Data transfer is enabled 
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MARIA R/E/H/L—Memory Address Register lA R/E/H/L H'30, H'31, 

H’32, H’33 


DMACl 


Bit 

Initial value 
Read/Write 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


11111111 Undetermined 

— — — — — — — — RAWRAVFVWRWR/WRAWRMRAW 
__ ! \ __ > 

MAR1AR MAR1AE 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


initial value Undetermined Undetermined 

ReadA/Vrite R/W RAW RAW RAV RAW R/W RAW RA/V RAV RA/V R/W R/W R/W RA/V RAW R/W 

V__ ) V__/ 

MARIAN MAR1AL 


Note: Bit functions are the same as for DMACO. 
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ETCRIA H/L—Execute lYansfer Count Register lA H/L 


H’34, H’35 


DMACl 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value Undetermined 

Read/Write RAW R/W R/W RAW RAV RAW RM RAV RAW R/W RM RM R/W R/W R/W RW 


Bit 7 6 5 4 3 2 1 0 


Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW 

V-^-/ 

ETCR1AH 


Bit 7 6 5 4 3 2 1 0 


Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW 
V-,-^ 

ETCR1AL 


Note: Bit functions are the same as for DMACO. 


lOARlA—I/O Address Register lA H’36 DMACl 

Bit 7 6 5 4 3 210 

Initial value Undetermined 

ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW 
Note: Bit functions are the same as for DMACO. 
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DTCRIA—^Data Transfer Control Register lA 


H'37 


DMACl 


• Short address mode 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

RA/V 

RAW 

R>W 

R/W 

R/W 

RAA/ 

Full address mode 








Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

SAID 

SAIDE 

DTIE 

DTS2A 

DTS1A 

DTSOA 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAW 

RAW 

RAW 

RAW 

R/W 

RAW 

RAW 

R/W 


Note: Bit functions are the same as for DMACO. 


MARIB R/E/H/L—Memory Address Register IB R/E/H/L H’38, H'39, 

H’3A, H'3B 


DMACl 


Bit 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


Initial value 11111111 Undetermined 

Read/Write — R/W R/W R/W R/W R/W R/W RAW RAV 


Bit 

Initial value 
ReadAWrite 





MAR1BR 







MAm^ 




15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

















Undetermined Undetermined 

R/W R/W R/W R/W R/W RM R/W R/W R/W R/W R/W R/W R/W R/W R/W RAA/ 

V_ J \ _ ) 




MAR1BH 







MAR1BL 





Note: Bit functions are the same as for DMACO. 
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ETCRIB H/L—^Execute TVansfer Count Register IB H/L 


H*3C, H*3D 


DMACl 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 




Undetermined 




Read/Write 

R/WlWR/WRMFVWfVWRWRWR/WR/WRMR/WRMFVWR/WR/W 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 










Initial value 




Undetermined 




Read/Write 

R/W 

V. 

RAN 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

j 





ETCR1BH 




Bit 

7 

6 

5 

4 

3 

2 

1 

0 










Initial value 




Undetermined 




Read/Write 

RAN 

V 

RAV 

RAN 

RAW 

RAN 

RAN 

RAW 

RAV 

j 





ETCR1BL 





Note: Bit functions are the same as for DMACO. 


lOARlB—I/O Address Register IB H*3E DMACl 

Bit 7 6 5 4 3 210 

Initial value Undetermined 

Read/Write R/W R/W R/W RAN RAN RAN RAN RAN 
Note: Bit functions are the same as for DMACO. 


641 








DTCRIB—^Data TVansfer Control Register IB 


H’3F 


DMACl 


• Short address mode 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DTE 

DTSZ 

DTID 

RPE 

DTIE 

DTS2 

DTS1 

DTSO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

RA/V 


R>W 

RAA^ 

RiW 

R/W 

• Full address mode 








Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DIME 

— ■ 

DAID 

DAIDE 

IMS 

DTS2B 

DTS1B 

DTSOB 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

R/W 

R/W 

R/W 

RAW 

RAW 

RAW 


Note: Bit functions are the same as for DMACO. 
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TSTR—Timer Start Register 


H'60 ITU (all channels) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

STR4 

STR3 

STR2 

STR1 

STRO 

Initial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

RA/V 

R/W 


FVW 




0 

TCNT4 is halted 

1 

TCNT4 is counting 
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TSNC—^Timer Synchro Register 


H*61 ITU (aU channels) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

SYNC4 

SYNC3 

SYNC2 

SYNC1 

SYNCO 

Initial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

RAW 

RAW 

RAW 

RAW 

RAW 
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TMDR—^Timer Mode Register 


H*62 ITU (all channels) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

MDF 

FDIR 

PWM4 

PWM3 

PWM2 

PWM1 

PWMO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

R/W 

RiW 

RAN 

RAV 

R/W 

RAN 


PWM mode 0 


0 

Channel 0 operates normally 

1 

Channel 0 operates in PWM mode 


PWM mode 1 


0 

Channel 1 operates normally 

1 

Channel 1 operates in PWM mode 


PWM mode 2 


0 

Channel 2 operates normally 


Channel 2 operates in PWM mode 


PWM mode 3 


0 

Channel 3 operates normally 


Channel 3 operates in PWM mode 


PWM mode 4 


0 

Channel 4 operates normally 

1 

Channel 4 operates in PWM mode 


Flag direction 


0 

OVF is set to 1 In TSR2 when TCNT2 overflows or underflows 

1 

OVF is set to 1 in TSR2 when TCNT2 overflows 


Phase counting mode flag 


0 

Channel 2 operates normally 

1 

Channel 2 operates in phase counting mode 
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TFCR—Timer Function Control Register 


H*63 ITU (aU channels) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

CMD1 

CMDO 

BFB4 

BFA4 

BFB3 

BFA3 

Initial value 

1 

1 

0 

0 

0 

0 

0 

0 

Read/WrKe 

— 

— 

FVW 

R/W 

RM 

RAW 

R/W 

RM 


Buffer mode A3 _ 

0 GRA3 operates normally 
1 GRA3 is buffered by BRA3 

Buffer mode B3 _ 

0 GRB3 operates normally 
1 GRB3 is buffered by BRB3 

Buffer mode A4 _ 

0 GRA4 operates normally 
1 GRA4 is buffered by BRA4 

Buffer mode B4 _ 

0 GRB4 operates normally 
1 GRB4 is buffered by BRB4 

Combination mode 1 and 0 _ 

Bits BitT" 

CMD1 CMDO Operating Mode of Channels 3 and 4 _ 

0 0 Channels 3 and 4 operate normally 

1 _ 

1 0 Channels 3 and 4 operate together in complementary PWM mode 

1 Channels 3 and 4 operate together in reset-synchronized PWM mode 


646 









TCR(^-Timer Control Register 0 H'64 ITUO 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

rwi 

PU)N 

RAW 

RAW 

R/W 



Timer prescaler 2 to 0 


Bit 2 

Bit 1 

BitO 

TCNT Clock Source 



TPSCO 

1 


0 

Internal clock: 0 

1 

Internal clock: 0/2 

1 

0 

Internal clock: 0/4 

1 

Internal clock: 0/8 

1 

0 

0 

External clock A: TCLKA input 

1 

External clock B: TCLKB input 

1 

0 

External clock C: TCLKC input 

1 

External clock D: TCLKD input 


Clock edge 1 and 0 


Bit 4 

Bits 

Counted Edges of External Clock 

CKEG1 

CKEGO 

0 

0 

Rising edges counted 

1 

Falling edges counted 

1 

— 

Both edges counted 


Counter clear 1 and 0 


Bite 

Bits 

TCNT Clear Source 

CCLR1 

CCLRO 

0 

0 

TCNT is not cleared 

1 

TCNT is cleared by GRA compare match or input capture 

1 

0 

TCNT is cleared by GRB compare match or Input capture 

1 

Synchronous clear: TCNT is cleared in synchronization 
with other synchronized timers 
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TIORO—Timer I/O Control Register 0 H’65 ITUO 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

IOB2 

IOB1 

KDBO 

— 

IOA2 

IOA1 

lOAO 

Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

mN 

R/W 

RAW 

— 

RAW 

R/W 

R/W 


I/O control A2 to AO 


Bit 2 

Biti 

BitO 

GRA Function 

IOA2 

IOA1 

lOAO 

0 

0 

0 

GRA is an output 
compare register 

No output at compare match 

1 

0 output at GRA compare match 

1 

0 

1 output at GRA compare match 

1 

Output toggles at GRA compare match 

1 

0 

0 

GRA is an input 
capture register 

GRA captures rising edge of input 

1 

GRA captures falling edge of input 

1 

0 

GRA captures both edges of input 

1 


I/O control B2 to BO 


Bite 

Bits 

Bit 4 

GRB Function 

IOB2 

IOB1 

lOBO 

0 

0 

0 

GRB is an output 
compare register 

No output at compare match 

1 

0 output at GRB compare match 

1 

0 

1 output at GRB compare match 

1 

Output toggles at GRB compare match 

1 

0 

0 

GRB is an input 
capture register 

GRB captures rising edge of input 

1 

GRB captures falling edge of input 

1 

0 

GRB captures both edges of input 

1 
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HERO—Timer Interrupt Enable Register 0 


H'66 


ITUO 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 

Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

—■ 

— 

— 

— 

R/W 

R/W 

RAW 


Input captura/compare match Interrupt enable A 


0 

IMIA interrupt requested by IMFA flag is disabled 

1 

IMIA interrupt requested by IMFA flag is enabled 


Input capture/compare match Interrupt enable B 


0 

IMIB interrupt requested by IMFB flag is disabled 

1 

IMIB interrupt requested by IMFB flag is enabled 


Overflow Interrupt enable 


0 

OVI interrupt requested by OVF flag is disabled 

1 

OVI interrupt requested by OVF flag Is enabled 






TSRO—^Timer Status Register 0 


H’67 


ITUO 


Bit 

Initial value 
Read/Write 


7 

6 

5 

4 

3 

2 

1 

0 

— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 


1 11110 0 0 
— — — — — R/(W)* R/{W)* R/(W)* 


Input capture/compare match flag A 


0 

[Clearing condition] 

Read IMFA when IMFA > 1, then write 0 in IMFA 

1 

[Setting conditions] 

TCNT * GRA when GRA functions as an output compare 
register. 

TCNT value is transferred to GRA by an input capture 
signal, when GRA functions as an input capture register. 


Input capture/compare match flag B 


0 

[Clearing condition] 

Read IMFB when IMFB - 1, then write 0 in IMFB 

1 

[Setting conditions] 

TCNT s GRB when GRB functions as an output compare 
register, 

TCNT value is transferred to GRB by an input capture 
signal, when GRB functions as an input capture register. 


Overflow flag 


0 

[Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

1 

[Setting condition] 

TCNT overflowed from H'FFFF to H’OOOO 


Note: Only 0 can be written, to clear the flag. 






TCNTO H/L—Timer Counter 0 H/L 


H’68, H’69 


ITUO 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


InKial value 0000000000000000 
Read/Write RAV R/W R/W R/W RAV R/W RM R/W RM R/W RAW RM FIW R/W RW R/W 


Up-counter 


GRAO H/L—General Register AO H/L 


H'6A, H'6B ITUO 


Bit 

Initial value 
Read/Write 


15 14 13 12 11 10 9 8 


1111111111111111 

RAA/RA/VRAA/R/WR/WRAWRAWR/WRAWRAWRAWRAWRAWRAWRAWRW 


Output compare or input capture register 


GRBO H/L—General Register BO H/L 


H’6C, H’6D 


ITUO 


Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 


Output compare or input capture register 


TCRl—Timer Control Register 1 H'6E ITUl 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

RAW 

R/W 

R/W 

R/W 

R/W 

R/W 


Note: Bit functions are the same as for ITUO. 
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TIORl—Timer I/O Control Register 1 H'6F ITUl 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 

1 

— 

IOB2 

KDBI 

iOBO 

— 

IOA2 

IOA1 

lOAO 

Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

RAW 

RAW 

RAW 

— 

RAW 

RAW 

RAW 


Note: Bit functions are the same as for ITUO. 

TIERl—^Timer Interrupt Enable Register 1 H'70 ITUl 

Bit 76543210 



Initial value 11111000 

ReadWrite — — — — — R/WR/WR/W 

Note: Bit functions are the same as for ITUO. 


TSRl—Timer Status Register 1 H’71 ITUl 

Bit 

Initial value 

Read/Wrrte _____ R/(W)* R/(W)* R/(W)* 

Notes: Bit functions are the same as for ITUO. 

• Only 0 can be written, to clear the flag. 



TCNTl H/L—Timer Counter 1H/L 


H’72, H’73 ITUl 


Bit 

Initial value 
Read/Write 



R/W R/W RM R/W R/W R/W R/W RM RM R/W RAW RM R/W R/W R/W RM 


Note: Bit functions are the same as for ITUO. 
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GRAl H/L—General Register A1H/L 


H'74, H’75 


ITUl 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write R/W RA/V RAV R/W R/W R/W RM R/W R/W R/W RM RAW RAW R/W RAV R/W 

Note: Bit functions are the same as for ITUO. 


GRBl H/U-General Register B1 H/L H’76,H’77 ITUl 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 

Note: Bit functions are the same as for ITUO. 


TCR2—Timer Control Register 2 H’78 ITU2 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

RAW 


Notes: 1. Bit functions are the same as for ITUO. 

2. When channel 2 is used in phase counting mode, the counter clock source selection by 
bits TPSC2 to TPSCO is ignored. 
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T10R2—Timer I/O Control Register 2 


H79 


ITU2 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

IOB2 

IOB1 

lOBO 

— 

IOA2 

IOA1 

lOAO 

Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

RAW 

RAW 

RAW 

— 

RAW 

RAW 

RAW 


Note; Bit functions are the same as for ITUO. 
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TIER2—Timer Interrupt Enable Register 2 H’7A ITU2 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

—• 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 

Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/W 

RW 

RAAf 


Note: Bit functions are the same as for ITUO. 


TSR2—^Timer Status Register 2 


H*7B 


ITU2 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

—• 

OVF 

IMFB 

IMFA 

Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/(W)^ 

R/(W)* 

R/(W)* 


Overflow flag 


Bit functions are the 
same as for ITUO. 


0 

[Clearing condition] 

Road OVF when OVF = 1, then write 0 in OVF 

1 

[Setting condition) 

TCNT overflowed from H'FFFF to H'OOOO or underflowed from 
H'OOOO to H’FFFF 


Note: ♦ Only 0 can be written, to clear the flag. 


TCNT2 H/L—Timer Counter 2 H/L 


H7C, H7D ITU2 


Bit 

initial value 
Read/Write 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0000000000000000 
R/WRA/V R/W R/WR/WRAA/R/WR/WR/WR/WR/W RA/V RAAf RAA/RA/V RAA/ 


Phase counting mode: up/down counter 
Other modes: up-counter 
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GRA2 H/L—General Register A2 H/L 


H’7E, H'7F 


ITU2 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
ReadWrite R/W RyW RAV RM RW RM R/W RAW R/W RAV RAW RM R/W R/W RAV R/W 

Note: Bit functions are the same as for ITUO. 


GRB2 H/L—General Register B2 H/L H*80, H’81 ITU2 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 

Note: Bit functions are the same as for ITUO. 


TCR3—^Tlmer Control Register 3 H’82 ITU3 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 

Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

RM 

R/W 

RAW 

R/V^ 

R/W 

R/W 

R/W 


Note: Bit functions are the same as for ITUO. 


TIOR3—Timer I/O Control Register 3 H’83 ITU3 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


—• 

IOB2 

IOB1 

lOBO 

— 

IOA2 

IOA1 

KDAO 

Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

RAW 

RAW 

R/W 

— 

RAW 

RAW 

RAW 


Note: Bit functions are the same as for ITUO. 
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TIER3—Timer Interrupt Enable Register 3 H'84 ITU3 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 

Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/W 

R/W 

R/W 


Note: Bit functions are the same as for ITUO. 


TSR3—^Timer Status Register 3 


H'85 ITU3 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

OVF 

IMFB 

IMFA 

initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/(W)* 

R/(W)* 

R/(W)* 


Overflow flag 


Bit functions are the 
same as for ITUO 


0 

[Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

1 

[Setting condition] 

TCNT overflowed from H’FFFF to H'OOOO or underflowed from 
H’OOOO to H'FFFF 


Note: * Only 0 can be written, to clear the flag. 


TCNT3 H/L—Timer Counter 3 H/L 


H’86, H’87 ITU3 


Bit 

Initial value 
Read/Write 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0000000000000000 
RWRAV RAWR/WR/WR/WRWRWFVWR/WFVWR/W R/WRWRAWRM 

Complementary PWM mode: up/down counter 
Other modes: up-counter 
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GRA3 H/L—General Register A3 H/L 


H’88, H’89 


ITU3 


Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


Initial value 1111111111111111 
Read/Write R/WRMRA/VRWRAVRMRMR/WR/WR/WRAVR/WRMRMIRAVRAV 

Output compare or input capture register (can be buffered) 


GRB3 H/L—General Register B3 H/L 


H’8A, H'8B 


ITU3 


Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write RAW R/W RM RAW R/W RM RM R/W R/W R/W RAV RM RA/V R/W R/W R/W 

Output compare or input capture register (can be buffered) 


BRA3 H/L—Buffer Register A3 H/L 


H’8C, H’8D 


ITU3 


Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
Read/Write RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 

Used to buffer GRA 


BRB3 H/L—Buffer Register B3 H/L 


H’8E, H’8F 


ITU3 


Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
ReadAWrite RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW RAW 


Used to buffer GRB 
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TOER—Timer Output Enable Register 


H’90 ITU (aU channels) 


7 

6 

5 

4 

3 

2 

1 

0 


— 

EXB4 

EXA4 

EB3 

EB4 

EA4 

EA3 


Initial value 11111111 

Read/Write — — RMR/WR/WRWRMRM 


Master enable TIOCA3 


P 

TIOCA 3 output is disabled regardless of TIOR3, TMDR, and TFCR settings 

n 

TIOCA 3 is enabled for output according to TIOR3, TMDR, and TFCR settings 


Master enable TIOCA4 


P 

TIOCA 4 output is disabled regardless of TIOR4, TMDR, and TFCR settings 

m 

TIOCA 4 is enabled for output according to TIOR4, TMDR, and TFCR settings 


Master enable TIOCB4 


□ 

TIOCB 4 output is disabled regardless of TIOR4 and TFCR settings 

D 

TIOCB 4 is enabled for output according to TIOR4 and TFCR settings 


Master enable T10CB3 


P 

TIOCB 3 output is disabled regardless of TIOR3 and TFCR settings 

ffl 

TIOCB 3 is enabled for output according to TIOR3 and TFCR settings 


Master enable TOCXA4 


P 

TOCXA 4 output is disabled regardless of TFCR settings 

m 

TOCXA 4 is enabled for output according to TFCR settings 


Master enable TOCXB4 


0 

TOCXB 4 output is disabled regardless of TFCR settings 

1 

TOCXB 4 is enabled for output according to TFCR settings 
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TOCR—^Timer Output Control Register 


H’91 ITU (all channels) 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

XTGD 

— 

— 

OLS 4 

OLS 3 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

— 

— 

— 

R/W 

— 

— 

RyW 

RTH 


Output ievei select 3 


0 

TIOCB3, TOCXA4, and TOCXB4 outputs are inverted 


TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted 


Output level select 4 


0 

TIOCA3, TIOCA4, and TIOCB4 outputs are inverted 

1 

TIOCA3, TIOCA4, and TIOCB4 outputs are not inverted 


External trigger disable 


0 

Input capture A in channel 1 is used as an external trigger signal in 
reset-synchronized PWM mode and complementary PWM mode* 

T 

External triggering is disabled 


Note:* When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 
output. 






TCR4—^Timer Control Register 4 


H’92 


ITU4 



7 

6 

5 

4 

3 

2 

1 

0 

Bit ^ 

— 

CCLR1 

CCLRO 

CKEG1 

CKEGO 

TPSC2 

TPSC1 

TPSCO 


Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

ReadA/Vrite 

— 

R/W 

RMf 

R/W 

RPM 

RPN 

RAA/ 

R/W 

Note: Bit functions are the same as for ITUO. 






TIOR4—^Timer I/O Control Register 4 



H’93 


ITU4 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

IOB2 

IOB1 

lOBO 

— 

IOA2 

IOA1 

lOAO 


Initial value 

1 

0 

0 

0 

1 

0 

0 

0 

Read/Write 

— 

R/W 

RA/V 

RAV 

— 

RAA/ 

RAA/ 

RAA/ 

Note: Bit functions are the same as for ITUO. 






TIER4—^Timer Interrupt Enable Register 4 


H’94 


ITU4 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

OVIE 

IMIEB 

IMIEA 


Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

RAA/ 

RAA/ 

RAA/ 

Note: Bit functions are the same as for ITUO. 






TSR4—Timer Status Register 4 




H’95 


ITU4 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 


— 

— 

— 

OVF 

IMFB 

IMFA 


Initial value 

1 

1 

1 

1 

1 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

— 

R/(W)* 

R/(W)* 

R/(W)* 


Notes; Bit functions are the same as for ITUO. 

* Only 0 can be written, to clear the flag. 
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TCNT4 H/L—Timer Counter 4 H/L 


H’96, H'97 


ITU4 


Bit 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


















n 


initial value 00 0 000000000 0000 

ReadAVrite R/W R/W R/W RA/V RA/V RAV R/W RAA^ RAA/ RAA^ RAV 

Note: Bit functions are the same as for ITU3. 


GRA4 H/L — General Register A4 H/L 

Bit 15 14 13 12 11 

10 

9 

8 

7 

6 

H’98, H*99 

5 4 3 

2 

1 

ITU4 

0 



















Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Read/Write RM R/W RM R/W R/W RAW R/W RM RA/V R/W R/W RAW RAW RAW RAW RAW 
Note: Bit functions are the same as for ITU3. 


GRB4 H/L—General Register B4 H/L H’9A, H’9B ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value 1111111111111111 
ReadAWrite R/W R/W RAW RAW RAW RAW RAW RAW RAW RAW R/W RAW RAW RAW RAW RAW 

Note: Bit functions are the same as for ITU3. 


BRA4 H/^-Buffer Register A4 H/L 


H'9C, H’9D ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Initial value 1111111111111111 
ReadAWrite R/W RAW RAW R/W R/W R/W R/W RAW RAW R/W R/W RAW R/W R/W RAW R/W 


Note: Bit functions are the same as for ITU3. 
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BRB4 H/L—Buffer Register B4 H/L 


H’9E, H’9F 


ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value 1111111111111111 
Read/Write RM RM R/W RAW R/W R/W R/W R/W R/W RAW RM RM R/W RAW RAW RAW 

Note: Bit functions are the same as for ITU3. 


TPMR—^TPC Output Mode Register H'AO TPC 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

G 3 NOV 

G 2 NOV 

G 1 NOV 

GONOV 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 


ReadAWrite — — — — RAWRAWRAWRAW 
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TPCR—TPC Output Control Register H'Al TPC 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


G 3 CMS 1 

G 3 CMS 0 

G 2 CMS 1 

G 2 CMS 0 

G1CMS1 

G 1 CMS 0 

G 0 CMS 1 

GOCMSO 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

R/W 

RM 

RAV 

R/W 

rwi 

RAV 

RAW 

RAW 


I 


I- 

Group 0 compare match select 1 and 0 

Btl 

G 0 CMS 1 

BitO 

GOCMSC 

ITU Channel Selected as Output Trigger 

m 


TPC output group 0 (TP3 to TPq) is triggered by compare match in mi channel 0 


TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU channel 1 

1 

0 

TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU channel 2 

1 

TPC output group 0 (TP3 to TPq) is triggered by compare match in ITU channel 3 

1 

Group 1 compare match select 1 and 0 

Bit 3 

Bit 2 

ITU Channel Selected as Output Trigger 

G 1 CMS 1 ( 

31 CMS 0 

0 

0 

TPC output group 1 (TP7 to TP4) is triggered by compare match in ITU channel 0 


1 

TPC output group 1 (TPy to TP4) is triggered by compare match in ITU channel 1 

1 

0 

TPC output group 1 (TP7 to TP4) is triggered by compare match in ITU channel 2 


1 

TPC output group 1 (TP7 to TP4) is triggered by compare match in ITU channel 3 


Group 2 compare match select 1 and 0 


Bits 

Bit 4 

mi Channel Selected as Output Trigger 

G2CMS1 

G 2 CMS 0 

0 

0 

TPC output group 2 (TPi ^ to TP3) Is triggered by compare match in ITU channel 0 

1 

TPC output group 2 (TPi, to TPe) is triggered by compare match in ITU channel 1 

1 

0 

TPC output group 2 (TP^ ^ to TPs) is triggered by compare match in ITU channel 2 

1 

TPC output group 2 (TPi i to TPs) is triggered by compare match In ITU channel 3 


Group 3 compare match select 1 and 0 


Bit? 

Bit6 

mi Channel Selected as Output Trigger 

G 3 CMS 1 

G 3 CMS 0 

0 

0 

TPC output group 3 (TP^s to TP12) is triggered by compare match in ITU channel 0 

1 

TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU channel 1 

1 

0 

TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU channel 2 

1 

TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU channel 3 
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NDERB—^Next Data Enable Register B 


H’A2 


TPC 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


N 0 ER 15 

NDER 14 

NDER 13 

NDER 12 

NDER11 

NDER 10 

NDER 9 

NDER8 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

RAW 

RW 

R/W 

RAA/ 

R/W 


I 

Next data enable 15 to 8 


Bits 7 to 0 

Description 

NDER 15 toN 0 ER 8 

0 

TPC outputs TPi 5 to TPg are disabled 

(NDR 15 to NDR8 are not transferred to PB7 to PBq) 

1 

TPC outputs TP^s to TPg are enabled 
(NDR 15 to NDR8 are transferred to PB7 to PBq) 


NDERA—^Next Data Enable Register A H'A3 TPC 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDER 7 

NDER 6 

NDER 5 

NDER 4 

N 0 ER 3 

NDER 2 

NDER 1 

NDERO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

R/W 

RAW 


Next data enable 7 to 0 


Bits 7 to 0 

Description 

NDER 7 to NDERO 

0 

TPC outputs TP7 to TPo are disabled 

(NDR 7 to NDRO are not transferred to PA7 to PAq) 

1 

TPC outputs TP7 to TPo are enabled 
(NDR 7 to NDRO are transferred to PA 7 to PAq) 
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H’A4/H’A6 


NDRB—Next Data Register B 
• Same output trigger for TPC output groups 2 and 3 

Address ITFFA4 


TPC 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR 15 

NDR 14 

NDR 13 

NDR12 

NDR 11 

NDR 10 

NDR 9 

NDR8 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RM 

RAV 

RAV 

RAV 

RAV 

RAV 

RAV 



Output data for 

TPC output group 3 



Output data for 

TPC output group 2 


Address HTFA6 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

— 

— 

— 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

— 

— 

— 

— 

— 

— 

— 

— 

• Different output triggers for TPC output groups 2 and 3 




Address H'FFA4 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR 15 

NDR 14 

NDR 13 

NDR 12 

— 

— 

— 

— 

initial value 

0 

0 

0 

0 

1 

1 

1 

1 

Read/Write 

R/W 

R/W 

RAV 

R/W 

— 

— 

— 

— 

Address H'FFA6 

Bit 7 

Output data for 

TPC output group 3 

6 5 

4 

3 

2 

1 

0 



— 

— 

— 

NDR 11 

NDR 10 

NDR 9 

NDR8 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

•— 

— 

— 

— 

R/W 

RAV 

RAV 

R/W 


Output data for 
TPC output group 2 
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NDRA—Next Data Register A 


H*A5/H’A7 


TPC 


• Same output trigger for IPC output groups 0 and 1 
Address HTFAS 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR 7 

NDR6 

NDR 5 

NDR 4 

NDR 3 

NDR 2 

NDR1 

NDRO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAV 

R/W 

RAV 


R>W 

RAV 

RM 

RAV 



Output data for 

TPC output group 1 



Output data for 

TPC output group 0 


Address H*FFA7 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

— 

— 

— 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Wrhs 

— 

— 

— 

— 


— 

— 

— 

• Different output triggers for TPC output groups 0 and 1 




Address H’FFAS 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


NDR 7 

NDR6 

NDR 5 

NDR 4 

— 

— 

— 

— 

Initial value 

0 

0 

0 

0 

1 

1 

1 

1 

Read/Write 

R/W 

R/W 

R/W 

R/W 

— 

— 

— 

— 

Address H'FFA7 

Bit 7 

Output data for 

TPC output group 1 

6 5 

4 

3 

2 

1 

0 


1 

— 

— 

! 

NDR 3 

NDR 2 

NDR1 

NDRO 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

RiW 

R/W 

RAV 

RAV 


Output data for 
TPC output group 0 
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TCSR—^Timer Control/Status Register 


H'A8 


WDT 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


OVF 

WT/iT 

TME 

— 

— 

CKS2 

CKS1 

CKSO 

Initial value 

0 

0 

0 

1 

1 

0 

0 

0 

Read/Write 

R/{W)* 

mi 

fmi 

— 

— 

mi 

R/W 

RAW 


J 


Timer enable 


Timer mode select 


Overflow flag 


0 

[Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

1 

[Setting condition] 

TCNT changes from H’FF to H*00 


□ 

Interval timer: requests interval timer interrupts 

O 

Watchdog timer: generates a reset signal 


1 

Timer disabled 

• TCNT is initialized to H'OO and halted 

1 

Timer enabled 

• TCNT is counting 

• CPU interrupt requests are enabled 


I 

Clock select 2to0 


0 

0 

0 

0/2 

1 

0/32 

1 

0 

0/64 

1 

0/128 

1 

0 

0 

0/256 

1 

0/512 

1 

0 

0/2048 

1 

0/4096 


Note; * Only 0 can be written, to clear the flag. 







































TCNT—^Timer Counter 


H*A9 (read), 
H*A8 (write) 


WDT 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 

1 









Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

BAN 

BAN 

BAN 

R/W 

BAN 





1 

Count value 




RSTCSR—^Reset Control/Status Register 



H'AB (read), 
H'AA (write) 

WDT 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


WRST 

RSTOE 

— 

— 

■— 

— 

— 

— 

Initial value 

0 

0 

1 

1 

1 

1 

1 

1 

Read/Write 

R/(W)* 

R/W 

— 

— 

— 

— 

— 

—- 


Reset output enable 


0 

Reset signal is not output externally 

_1_ 

Reset signal is output externally 


Watchdog timer reset 


0 

[Clearing condition] 

Reset signal input at RES pin, or 0 written by software 

T 

[Setting condition] 

TCNT overflow generates a reset signal 


Note: ♦ Only 0 can be written in bit 7, to clear the flag. 
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RFSHCR—^Refresh Control Register 


H'AC Refresh controller 


BK 

Initial value 
Read/Write 


7 

6 

5 

4 

3 

2 

1 

0 

SRFMD 

PSRAME 

DRAME 

CAS/WE 

m/m 

RFSHE 

— 

RCYCE 


0 0 0 0 0 0 1 0 

RM R/W RAW R/W RW R/W — RAW 



Refresh cycle enable 


0 

Refresh cycles are disabled 

1 

Refresh cycles are enabled for area 3 


Refresh pin enable 


0 

Refresh signal output at the RFSH pin is disabled 

1 

Refresh signal output at the RFSH pin is enabled 


Address muHIplex mode select 


0 

8 -bit column address mode 

1 

9-bit column address mode 


Strobe mode select 


0 

2 WE mode 

Jl_ 

2 CAS mode 


PSRAM enable, DRAM enable 


Bite 

Bits 

RAM Interface 

PSRAME 

DRAME 


0 

Can be used as an interval timer 

1 

DRAM can be connected 

1 

0 

PSRAM can be connected 

1 

Illegal setting 


Self-refresh mode 


0 

DRAM or PSRAM self-refresh is disabled in software standby mode 

1 

DRAM or PSRAM self-refresh is enabled in software standby mode 
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RTMCSR—^Refresh Timer Control/Status Register 


H'AD Refresh controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


CMF 

CMIE 

CKS 2 

CKS1 

CKSO 

— 

— 

— 

Initial value 

0 

0 

0 

0 

0 

1 

1 

1 

Read/Write 

R/(W)* 

RM 

R/W 

RAW 

RAW 

— 

— 

— 


Clock select 2 to 0 


Bits 

Bit 4 

Bits 

Counter Clock Source 

CKS 2 

CKS 1 

CKSO 

0 

0 

0 

Clock input is disabled 

1 

0/2 

1 

0 

0/8 

1 

0/32 

1 

0 

0 

0/128 

1 

0/512 

1 

0 

0/2048 

1 

0/4096 


Compare match Interrupt enable 


0 

The CMI interrupt requested by CMF is disabled 


The CMI interrupt requested by CMF is enabled 


Compare match flag 


0 

[Clearing condition] 

Read CMF when CMF = 1 , then write 0 in CMF 

T 

[Setting condition] 

RTCNT » RTCOR 


Note; * Only 0 can be written, to clear the flag. 







RTCNT—^Refresh Timer Counter 


H'AE Refresh controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 











Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 


RjW 

RAW 

RAW 

RWV 

R/W 

R>W 





Count value 




RTCOR—Refresh Time Constant Register 



H'AF 

Refresh controller 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 











Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

R/W 

R/W 

R/W 

RAW 

R/W 

R)W 

RAW 

R/W 


Interval at which RTCNT is cleared 
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SMR—Serial Mode Register 


H'BO 


SCIO 


7 

6 

5 

7 

3 

2 

1 

0 

C/A 

CHR 

PE 

O/E 

STOP 

MP 

CKS1 

CKSO 


Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W RAN RAN RAN RAN RAN RAN RAN 



0 

Asynchronous mode 

1 

Synchronous mode 
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BRR—^Bit Rate Register 


H'Bl 


SCIO 


Bit 

Initial value 
Read/Write 


7 6 5 4 3 2 1 0 


11111111 
R/W R/W RW RjW R/W RW R/W RM 


Serial communication bit rate setting 
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SCR—Serial Control Register 


H*B2 


SCIO 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


TIE 

RIE 

TE 

RE 

MPIE 

TEIE 

CKE1 

CKEO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

BAN 

R/W 

R/VJ 

R/W 

R/W 



Clock enable 1 and 0 


Bit1 

BitO 

Clock Selection and Output 

CKE1 

CKEO 

1 

0 

Asynchronous mode 

Internal dock, SCK pin available for generic input 

Synchronous mode 

Internal dock, SCK pin used for serial clock output 

1 

Asynchronous mode 

Internal dock, SCK pin used for clock output 

Synchronous mode 

Internal dock, SCK pin used for serial clock output 

1 

0 

Asynchronous mode 

External clock, SCK pin used for dock input 

Synchronous mode 

External clock, SCK pin used for serial dock input 

1 

Asynchronous mode 

External clock, SCK pin used for dock Input 

Synchronous mode 

External clock, SCK pin used for serial dock input 


Transmit-end Interrupt enable 


0 Transmit-end interrupt requests (TEI) are disabled 


1 I Transmit-end interrupt requests (TEI) are enabled 


Multiprocessor interrupt enable 


Multiprocessor interrupts are disabled (normal receive operation) 


Multiprocessor interrupts are enabled 


Transmit enable 


Receive enable 


0 

Transmitting is disabled 

1 

Transmitting is enabled 


Transmitting is disabled 


Transmitting is enabled 


Receive Interrupt enable 


Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled 


Receive-end (RXi) and receive-error (ERI) interrupt requests are enabled 


Transmit Interrupt enable 


0 

Transmit-data-empty interrupt request (TXI) is disabled 

1 

Transmit-data-empty Interrupt request (TXI) is enabled 






















































TDR—^IVansmit Data Register 


H’B3 


SCIO 


Bit 

Initial value 
Read/Write 



Serial transmit data 
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SSR—Serial Status Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


TDRE 

RDRF 

ORER 

FER 

PER 

TEND 

MPB 

MPBT 

Initial value 

1 

0 

0 

0 

0 

1 

0 

0 

Read/Write 

R/(W)* 

R/(W)* 

R/(W)* 

R/(W)* 

R/(W)* 

R 

R 

RA/V 


Multiprocessor bit _ Muitiproo 

0 Multiprocessor bit value in 0 Multip 

receive data is 0 transi 

1 Multiprocessor bit value in 1 Multip 

^ ^ receive data is 1 transi 

Transmit end —- —- 


0 [Clearing conditions] 

Read TORE when TORE = 1. then write 0 in TORE. 
The DMAC writes data in TDR. 


[Setting conditions] 

Reset or transition to standby mode. 

TE is cleared to 0 in SCR. 

TORE is 1 when last bit of 1*byte serial character is transmitted. 


Multiprocessor bit transfer 

0 Multiprocessor bit value in 
transmit data is 0 

1 Multiprocessor bit value in 
transmit data is 1 



0 [Clearing conditions] 

Reset or transition to standby mode. 
Read PER when PER = 1, then write 0 
in PER. 


1 [Setting condition] 

Praming error (stop bit is 0) 


Receive data register full _ 

0 [Clearing conditions] 

Reset or transition to standby mode. 

Read RDRP when RDRP = 1, then write 0 in 
RDRP. 

The DMAC reads data from RDR. 


1 [Setting condition] 

Serial data is received normally and transferred 
from RSR to RDR 


Transmit data register empt 


[Clearing conditions] 

Read TDRE when TDRE = 1, then write 0 in TDRE. 
The DMAC writes data in TDR. 


1 [Setting conditions] 

Reset or transition to standby mode. 

TE is 0 in SCR 

Data is transferred from TDR to TSR, enabling new 
data to be written in TDR. 


I 


[Clearing conditions] 

Reset or transition to standby mode. 
Read PER when PER = 1, then write 0 in 
PER. 


1 [Setting condition] 

Parity error: (parity of rec^ve data does not 
match parity setting of O/E bit in SMR) 


Overrun error _ 

0 [Clearing conditions] 

Reset or transition to standby mode. 

Read ORER when ORER = 1, then write 0 in 
ORER. 

1 [Setting condition] 

Overrun error (reception of next serial data 
ends when RDRP = 1) 


Note: * Only 0 can be written, to dear the flag. 
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RDR—^Receive Data Register 


H'BS 


SCIO 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 








L... 



initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 





Serial receive data 




SMR—Serial Mode Register 




H’B8 


SCI! 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


C/A 

CHR 

PE 

O/E 

STOP 

MP 

CKS1 

CKSO 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

R/W 

R/W 

RM 

R/W 

BAN 

R/W 

Note: Bit functions are the same as for SCIO. 






BRR—Bit Rate Register 





H’B9 


sen 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 











Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

R/W 

R/W 

RM 

R>W 

R/W 

R/W 

RM 

BAN 

Note: Bit functions are the same as for SCIO. 






SCR—Serial Control Register 




H’BA 


sen 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


TIE 

RIE 

TE 

RE 

MPIE 

TEIE 

CKE1 

CKEO 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

BAN 

R/W 

R/W 

R/W 

BAN 

BAN 


Note: Bit functions are the same as for SCIO. 
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TDR—^Transmit Data Register 


H'BB 


sen 


Bit 7 6 5 4 3 210 

Initial value 11111111 

ReadMrite FVWR/WR/WFVWRMR/WRWR/W 

Note: Bit functions are the same as for SCIO. 

SSR—Serial Status Register H'BC SCIl 

Bit 

Initial value 

Read/Write R/{W)* R/(W)* R/(W)* R/(W)* R/(W)* R R RM 

Notes: Bit functions are the same as for SCIO. 

* Only 0 can be written, to clear the flag. 

RDR—^Receive Data Register H'BD SCIl 

Bit 7 6 5 4 3 210 

Initial value 000000 00 

Read/Write RRRRRRRR 

Note: Bit functions are the same as for SCIO. 


7 6 5 4 3 2 1 0 


TORE 

RDRF 

ORER 

PER 

PER 

TEND 

MPB 

MPBT 


1 0 0 0 0 1 0 0 
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PIDDR—Port 1 Data Direction Register H*C0 Port 1 


BK 



7 

6 

5 

4 

3 

2 

1 

0 


PI 7 DDR 

PI 6 DDR 

PI5DDR 

PI4DDR 

P13DDR 

PI 2 DDR 

P11 DDR 

P10DDR 

Modes 

[ Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

1104 ‘ 

[Read/Write 

— 

— 

— 

— 

— 

— 

— 

— 

Modes 

\ Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

5 to 7 ^ 

[Read/Write 

w 

W 

w 

w 

w 

w 

w 

w 


Port 1 input/output select 


0 

Generic input pin 

1 

Generic output pin 


P2DDR—Port 2 Data Direction Register 


H’Cl Port 2 


Bit 


Mcxies 

1 to 4 

Modes 

5 to 7 


7 6 5 4 3 2 1 0 


P27DDR 

P26DDR 

P25DDR 

P24DDR 

P23DDR 

P22DDR 

P 2 i DDR 

P 2 oDDR 


Initial value 11111111 
Read/Write — — — — — — — — 

Initial value 0 0 0 0 0 0 0 0 

Read/Write WWWWWWWW 


Port 2 Input/output select 


0 

Generic input pin 

1 

Generic output pin 


PIDR—Port 1 Data Register H*C2 Port 1 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PI 7 

P16 

PI5 

PI4 

PI3 

PI2 

PI1 

PI0 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

R/W 

RM 

RAA/ 

R/W 

R/W 


Data for port 1 pins 
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P2DR—^Port 2 Data Register 


H’C3 


Port 2 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P 27 

P26 

P 25 

P 24 

P 23 

P22 

P 2 i 

o 

CM 

CL 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAA/ 

FVW 

R/W 

R/W 

R/W 

R/W 

RAA/ 


Data for port 2 pins 


P3DDR—Port 3 Data Direction Register H'C4 Port 3 

Bit 76543210 


P37DDR 

P 36 DDR 

P35DDR 

P34DDR 

P33DDR 

P 32 DDR 

P 3 iDDR 

P 3 oDDR 


Initial value 00000000 

Read/Write WWWWWWWW 


Port 3 Input/output select 


0 

Generic input pin 


Generic output pin 


P4DDR—^Port 4 Data Direction Register H'C5 Port 4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P47DDR 

P 46 DDR 

P45DDR 

P44DDR 

P43DDR 

P 42 DDR 

P 4 iDDR 

P 4 oDDR 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

w 

w 

w 

w 

w 

W 

w 

W 


Port 4 Input/output select 


0 

Generic input pin 


Generic output pin 
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P3DR—^Port 3 Data Register H*C6 Port 3 


BK 

7 

6 

5 

4 

3 

2 

1 

0 


CO 

0 . 

P36 

P3s 

P34 

P 33 

P32 

P3i 

o 

CO 

CL 

initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

BW 

R/W 

RM 

R/W 

RM 

R/W 

R/W 


Data for port 3 pins 


P4DR—^Port 4 Data Register H*C7 Port 4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P 47 

P 46 

P 45 

0 . 

P 43 

P 42 

P 4 , 

o 

GL 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

rmi 

RM 


R/W 

R/W 

R/W 

R/W 


Data for port 4 pins 


P5DDR—Port 5 Data Direction Register 


H’C8 Port 5 


1 


PSaDDR 


P52DDR 


P 5 iDDR 


PSqDDR 


1 


1 


1 


1 


0 

w 


0 

w 


0 

w 


0 

w 


Bit 

r 

Modes 

. L 

Initial value 

1 to 4 ' 

[Read/Write 

Modes 

\ Initial value 

5 to 7 ^ 

I Read/Write 


Port 5 input/output select 


0 

Generic input 

Jl_ 

Generic output 
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P6DDR—^Port 6 Data Direction Register 


H'C9 


Port 6 


Bit 76543210 


— 

P66DDR 

P65DDR 

P64DDR 

P63DDR 

P62DDR 

P61DDR 

P60DDR 


Initial value 10 0 0 0 0 0 0 

Read/Write — WWWWWWW 


Port 6 Input/output select 


0 

Generic input 

1 

Generic output 


P5DR—^Port 5 Data Register H’CA Port 5 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

P 53 

P 52 

P 5 i 

P 5 o 

Initial value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

— 

R/W 

R/W 

R/W 

R/W 


Data for port 5 pins 


P6DR—Port 6 Data Register H’CB Port 6 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

P66 

P65 

P64 

P63 

P62 

P61 

0 

CO 

0. 

initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

RM 


Data for port 6 pins 
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P8DDR—^Port 8 Data Direction Register 


H'CD 


Port 8 


Bit 


Modesf 
1 to 4 [ 

Modesf 
5 tD 7 1 


7 _6 5 4 3 2 1 0 


— 

— 

— 

P84DDR 

P83DDR 

P82DDR 

P81DDR 

P80DDR 


Initiai value 

1 

1 

1 

1 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

w 

w 

w 

w 

w 

initial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

w 

w 

w 

w 

w 


Port 8 Input/output select Port 8 Input/output select 


0 

Generic input 

1 

Generic output 


0 

Generic input 

1 

C§ output 


P7DR—^Port 7 Data Register H'CE Port 7 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P77 

P76 

P75 

P74 

P73 

P72 

P7i 

P7o 

initial value 

_ 

_ * 

_♦ 

_ * 

_♦ 

_• 

_♦ 

_♦ 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 


Data for port 7 pins 


Note; ♦ Determined by pins P77 to P 7 o. 


P8DR—^Port 8 Data Register H’CF Port 8 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

CO 

CL 

P83 

P82 

P81 

0 

CO 

CL 

Initial value 

1 

1 

1 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

— 

RW 

R/W 

RAV 

'1 . 

RAW 

RAW 


Data for port 8 pins 
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P9DDR—Port 9 Data Direction Register 


H’DO 


Port 9 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

PggDDR 

P 94 DDR 

P 93 DDR 

P92DDR 

P9iDDR 

P9oDDR 

Initial value 

1 

1 

0 

0 

0 

0 

0 

0 


Read/Write — — WWWWWW 


Port 9 Input/output select 


0 

Generic input 

J_ 

Generic output 


PADDR—^Port A Data Direction Register 


H’Dl Port A 


Bit 


Modes 

3.4 


Modes 
1 , 2 . ' 
5to7 


7 

6 

5 

4 

CO 

2 

1 

0 

PA 7 DDR 

PAgDDR 

PAsDDR 

PA 4 DDR 

PA 3 DDR 

PAgDDR 

PA 1 DDR 

PAoDDR 


Initial value 

1 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

w 

w 

w 

w 

w 

w 

w 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

W 

w 

w 

w 

w 

w 

w 

w 


Port A input/output select 


0 

Generic input 

1 

Generic output 


P9DR—Port 9 Data Register H'D2 Port 9 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


—• 

— 

P 95 

P 94 

P 93 

P 92 

P 9 i 

0 

O) 

Q. 

initial value 

1 

1 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

R/W 

RA/V 

RAW 

R/W 

R/W 

RAW 


Data for port 9 pins 
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PADR—^Port A Data Register 


H’D3 


Port A 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PAy 

PAe 

PAs 

PA 4 

PA 3 

PAz 

PAi 

PAo 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

RAV 

R/W 

R/W 

RM 

RA/V 

RAV 

R/W 



Data for port A pins 


PBDDR—^Port B Data Direction Register H'D4 Port B 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PB 7 DDR 

PBsDDR 

PB 5 DDR 

PB 4 DDR 

PB 3 DDR 

PB 2 DDR 

PBi DDR 

PBoDDR 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

w 

w 

w 

w 

W 

w 

w 

w 


Port B Input/output select 


0 

Generic input 

1 

Generic output 


PBDR—^Port B Data Register H'D6 Port B 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


PBy 

PBs 

PBs 

PB 4 

PB 3 

PB 2 

PBi 

PBo 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 

R/W 

RM 

RA/V 

RAW 

RA/V 


Data for port B pins 
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P2PCR—Port 2 Input Pull-Up Control Register 


H’D8 


Port 2 


Bit 7 6 5 4 3 2 1 0 


P27PCR 

P26PCR 

P25PCR 

P24PCR 

P23PCR 

P22PCR 

P2iPCR 

cc 

0 

CL 

0 

CM 

CL 


initial value 000000 00 

ReaclAA/rlte R/WFVWRAVR>WFIWR/WR/WRAV 


Port 2 Input pull-up control 7 to 0 


0 

Input pull-up transistor is off 


Input pull-up transistor is on 


Note: Valid when the corresponding P2DDR bit is cleared to 0 (designating generic input). 


P4PCR—Port 4 Input Pull-Up Control Register H*DA Port 4 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


P 47 PCR 

P46PCR 

P 45 PCR 

P 44 PCR 

P 43 PCR 

P42PCR 

P4iPCR 

P4oPCR 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

R/W 

R/W 


R/W 

R/W 

RAV 

R/W 


Port 4 Input pull-up control 7 to 0 


0 

Input pull-up transistor is off 

1 

Input pull-up transistor is on 


Note: Valid when the corresponding P4DDR bit is cleared to 0 (designating generic input). 
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P5PCR—Port 5 Input Pull-Up Control Register 


H'DB 


Ports 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

P 53 PCR 

P52PCR 

P5iPCR 

P5oPCR 


Initial value 1 1 1 1 0 0 0 0 

ReadWrite — — — — R/WR/WRWRM 


Port 5 Input pull-up control 3 to 0 


0 

Input puli-up transistor is off 


Input puli-up transistor is on 


Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic input). 


DADRO—D/A Data Register 0 H'DC D/A 

Bit 76543210 


Initial value 000000 00 

ReacWVrite R/W R/W RAV RW R/W RAV RAW RAW 


D/A conversion data 


DADRl—D/A Data Register 1 H'DD D/A 

Bit 7 6 5 4 3 2 1 0 


Initial value 000000 00 

ReadAWrite R/W RAW RAW R/W RAW R/W RAW RAW 

D/A conversion data 
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DACR—D/A Control Register 


H'DE 


D/A 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


DAOE1 

DAOEO 

DAE 






Initial value 

0 

0 

0 

1 

1 

1 

1 

1 

Read/Write 

RAW 

R/W 

RAW 

— 


_ 




D/A enable 


Bit? 

Bits 

Bits 

Description 

DAOE1 

DAOEO 

DAE 

1 

0 

— 

D/A conversion is disabled in channels 0 and 1 

1 

■ 

D/A conversion is enabled in channel 0 

D/A conversion is disabled in channel 1 

1 

D/A conversion is enabled in channels 0 and 1 

1 

0 

0 

D/A conversion is disabled In channel 0 

D/A conversion is enabled in channel 1 

1 

D/A conversion is enabled in channels 0 and 1 

1 

— 

D/A conversion is enabled in channels 0 and 1 


p/A output enable 0 


D 

DAO analog output is disabled 

D 

Channel-0 D/A conversion and DAO analog output are enabled 


D/A output enable 1 


0 

DA1 analog output is disabled 

J_ 

Channel-1 D/A conversion and DAI analog output are enabled 


ADDRA H/L—A/D Data Register A H/L H’EO, H’El A/D 


Bit 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


AD9 

AD8 

AD? 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 


— 


— 

1 — 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 





ADDRAH 







ADDRAL 







A/D conversion data 
10-bit data giving an 

A/D conversion result 




Reserved bits 
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ADDRB H/L—A/D Data Register B H/L H*E2, H’E3 A/D 


Bit 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


AD9 

AD8 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 






R 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 





ADDRBH 







ADDRBL 





A/D conversion data Reserved bits 

10-bit data giving an 
A/D conversion result 


ADDRC H/L—A/D Data Register C H/L 


H*E4, H*E5 A/D 


Bit 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


AD9 

ADS 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

— 1 

— 1 



1 1 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R 

R 

R 

R 

R 

r- 

R 

R 

R 

R 

R 

R 

R 

R 

r- 

R 

R 

R 


ADDRCH ADDRCL 


A/D conversion data 

10-bit data giving an 
A/D conversion result 


Reserved bits 


ADDRD H/L—A/D Data Register D H/L 


H’E6, H’E7 A/D 


Bit 


initial value 
Read/Write 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

AD9 

CO 

O 

< 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

— 1 

1 — 


— 

1 "" 1 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 








_ J 

_ 







_ ) 

_ 



ADDRDH 







ADDRDL 





A/D conversion data Reserved bits 

10’bit data giving an 
A/D conversion result 
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ADCR—A/D Control Register 


H'E9 


A/D 


Bit 

Initial value 
Read/Write 
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ADCSR —AfD Control/Status Register 


H*E8 


A/D 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


ADF 

ADIE 

ADST 

SCAN 

CKS 

CH2 

CHI 

CHO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/(W)* 

FVW 

FVW 

R/W 

R/W 

R/W 

RTM 



Clock select 


0 

Conversion time » 266 states (maximum) 


Conversion time = 134 states (maximum) 


Channel select 2 to 0 


Group 

Selectbn 

Channel 

Selection 

Description 

CH2 

CHI 

CHO 

Single Mode 

Scan Mode 

0 

0 

0 

ANo 

ANo 

1 

ANi 

ANo. ANi 

1 

0 

mmm 

ANoto ANz 

1 


ANoto AN 3 

1 

0 

0 

AN 4 

AN 4 

1 

AN 5 

AN 4 . AN 5 

1 

0 

AN 6 

AN4toAN6 

1 

AN 7 

AN 4 to AN 7 


0 

Single mode 

1 

Scan mode 


A/D start 


m 

A/D conversion is stopped 

1 

Single mode: A/D conversion starts; ADST is automatically cleared to 0 when 
conversion ends 

Scan mode: A/D conversion starts and continues, cycling among the selected 

channels, until ADST is cleared to 0 by software, by a reset, or by a 
transition to standby mode 


A/D Interrupt enable 


□ 

AJD end interrupt request is disabled 

D 

A/D end interrupt request is enabled 


A/D end flag 


0 

[Clearing condition] 

Read ADF while ADF = 1 , then write 0 in ADF 

1 

[Setting conditions] 

Single mode: A/D conversion ends 

Scan mode: A/D conversion ends in all selected channels 


Note: * Only 0 can be written, to clear flag. 
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ABWCR—Bus Width Control Register 


H*EC 


Bus controller 


Bit 


7 

6 

5 

4 

3 

2 

1 

0 


ABW7 

ABW6 

ABW5 

ABW4 

ABW3 

ABW2 

ABW1 

ABWO 

Initiai, 

[Mode 1.3 

1 

1 

1 

1 

1 

1 

1 

1 

value 

[Mode 2,4 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Wrhe 

R/W 

RAV 

RAA/ 

RAV 

RAA/ 

RAV 

RAV 

RAA/ 


Area 7 to 0 bus width control 


Bits 7 to 0 

Bus Width of Access Area 

AWB7toAWB0 

0 

Areas 7 to 0 are 16-bit access areas 

1 

Areas 7 to 0 are 8-bit access areas 


ASTCR—Access State Control Register H’ED Bus controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


AST7 

AST6 

AST5 

AST4 

AST3 

AST2 

ASTI 

ASTO 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

RAA/ 

RAA/ 

R/W 

RAA/ 

R/W 

R/W 

R/W 

R/W 


Area 7 to 0 access state control 


Bits 7 to 0 

Number of States in Access Cycle 

AST7 to ASTO 

0 

Areas 7 to 0 are two-state access areas 

1 

Areas 7 to 0 are three-state access areas 
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WCR—Wait Control Register 


H’EE 


Bus controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

WMS1 

WMSO 

WC1 

wco 

Initial value 

1 

1 

1 

1 

0 

0 

1 

1 

Read/Write 

— 

— 

— 

— 

fWt 

..J 

RAW 

1 - 

RAW 

RAW 

1- 


Walt mode select 1 and 0 Walt count 1 and 0 


Bit1 

BKO 

Number of Wait States 

WC1 

WCO 

■ 

0 

No wait states inserted by 
wait-state controller 

1 

1 state inserted 

1 

0 

2 states inserted 

1 

3 states inserted 


Bits 

Bits 

Wait Mode 

WMS1 

WMSO 

0 

0 

Programmable wait mode 

1 

No wait states inserted by 
wait-state controller 

1 

0 

Pin wait mode 

1 

Pin auto-wait mode 


WCER—^Wait Controller Enable Register H'EF Bus controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


WCE7 

WCE6 

WCE5 

WCE4 

WCE3 

WCE2 

WCE1 

WCEO 

Initial value 

1 

1 

1 

1 

1 

1 

1 

1 

Read/Write 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

R/W 

RAW 


Wait state controller enable 7 to 0 


0 

I Wait-State control is disabled (pin wait mode 0) 

1 

Wait-state control is enabled 
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MDCR—Mode Control Register 


HTl 


System control 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

— 

— 

— 

MDS2 

MDS1 

MDSO 

InKial value 

1 

1 

0 

0 

0 

_♦ 

_♦ 

—* 

Read/Write 

— 

— 

— 

— 

— 

R 

R 

R 


Mode select 2 to 0 


Bit 2 

Bit 1 

BitO 

Operating mode 

MD 2 

MDi 

MDo 

0 

0 

0 

— 

1 

Mode 1 

1 

0 

Mode 2 

1 

Modes 

1 

0 

0 

Mode 4 

1 

Mode 5 

1 

0 

Mode 6 

1 

Mode? 


Note: ♦ Determined by the state of the mode pins (MD 2 to MDq). 





SYSCR—System Control Register H’F2 System control 


BH 

7 

6 

5 

4 

3 

2 

1 

0 


SSBY 

STS2 

STS1 

STSO 

UE 

NMIEG 

— 

RAME 

Initial value 

0 

0 

0 

0 

1 

0 

1 

1 

Read/Write 

RiW 

R/W 

FVW 

RAW 

RAW 

RAW 

— 

RAW 


RAM enable 


0 

On>chip RAM is disabled 


On-chip RAM is enabled 


NMI edge select 


0 

An interrupt is requested at the failing edge of NMI 

1 

An interrupt is requested at the rising edge of NMI 


User bit enable 


0 

OCR bit 6 (Ul) is used as an interrupt mask bit 

J_ 

CCR bit 6 (Ul) is used as a user bit 


Standby timer select 2 to 0 


Bit 6 

Bits 

Bit 4 

Standby Timer 

STS2 

STS1 

STSO 

0 

0 

0 

Waiting time « 8192 states 

1 

Waiting time « 16384 states 

1 

0 

Waiting time « 32768 states 

1 

Waiting time 65536 states 

1 

0 

— 

Waiting time = 131072 states 

1 

— 

illegal setting 


Software standby 


0 

SLEEP instruction causes transition to sleep mode 

1 

SLEEP instruction causes transition to software standby mode 
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BRCR—^Bus Release Control Register 


H'F3 


Bus controller 


Bus release enable 


Bit 



7 

6 

5 

4 

3 

2 

1 

0 



A23E 

A22E 

A21E 

— 

— 

— 

— 

BRLE 

Modes 
1.2. 
5to7 ' 

Initial value 

1 

1 

1 

1 

1 

1 

1 

0 

Read/Write 

— 

— 

— 

— 

— 

— 

— 

R>W 

Modes 

Initial value 

1 

1 

1 

1 

1 

1 

1 

0 

3.4 ' 

, Read/Write 

RAW 

R/W 

R/W 

— 

— 

— 

— 



The bus cannot be released to an external device 


The bus can be released to an external device 


Address 23 to 21 enable 


0 

Address output 

J_ 

Other input/output 


ISCR—IRQ Sense Control Register H'F4 Interrupt controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQ5SC 

IRQ4SC 

IRQ3SC 

IRQ2SC 

IRQ1SC 

IRQOSC 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 

RAW 


IRQ 5 to IRQo sense control 


0 

Interrupts are requested when IRQ5 to IROq inputs are low 

1 

Interrupts are requested by falling-edge input at TRO5 to IROq 


lER—^IRQ Enable Register H'FS Interrupt controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQ5E 

IRQ4E 

IRQ3E 

IRQ2E 

IRQ1E 

IRQOE 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/(W) 

R/(W) 

R/(W) 

R/{W) 

R/(W) 

R/(W) 

R/(W) 

R/(W) 


IRQ 5 to IRQo enable 


0 

IRQ5 to IRQq interrupts are disabled 

Jl_ 

IRQ5 to IRQo interrupts are enabled 
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ISR—IRQ Status Register 


HT6 Interrupt controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


— 

— 

IRQ5F 

IRQ4F 

IRQ3F 

IRQ2F 

1RQ1F 

IRQOF 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

— 

— 

R/(W)* 

R/(Wf 

R/(Wf 

R/(W)* 

R/(Wr 

R/(Wf 


IRQ5 to IRQo flags 


Bits 5 to 0 

Setting and Clearing Conditbns 

IRQ5F to IRQOF 

0 

[Clearing conditbns] 

Read IRQnF when IRQnF - 1, then write 0 in IRQnF. 
IRQnSC - 0. IRQn input is high, and interrupt exception 
handling is carried out. 

IRQnSC = 1 and IRQn interrupt exception handling is 
carried out. 

1 

[Setting conditions] 

IRQnSC = 0 and IRQn input is bw. 

IRQnSC = 1 and IRQn input changes from high to low. 


(n s: 5 to 0) 


Note: * Only 0 can be written, to clear the flag. 




IPRA—Interrupt Priority Register A 


H'F8 Interrupt controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


IPRA7 

1 PRA 6 

IPRA5 

IPRA4 

IPRA3 

IPRA2 

1 PRA 1 

IPRAO 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

FVW 

FVW 

RAV 

RAA^ 

RM 

jmi 

RAV 

RAN 


Priority level A7 to AO 


0 

Priority level 0 (bw priority) 

1 

Prbrity level 1 (high priority) 


• Intern^)! sources controlled by each bit 

Bit? Bite Bits Bit4 Bits Bit2 Bit1 BitO 

IPRA? IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1 IPRAO 

Interrupt iPQ^ IrQ^ IrQ^^ WDT, ilU ilU TTU 

source IRQ3 IRQ5 Refresh chan- chan- chan- 

Con- nel 0 nel 1 nei 2 

troller 


IPRB—^Interrupt Priority Register B H'F9 Interrupt controller 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


IPRB 7 

IPRB6 

IPRB 5 

— 

IPRB 3 

IPRB 2 

IPRB 1 

— 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Read/Write 

R/W 

RAV 

R/W 

RAW 

R/W 

R/W 

RAW 

R/W 


Priority level B? to BO 


0 

Prbrity level 0 (bw priority) 

1 

Prbrity level 1 (high priority) 


• Interrupt sources controlled by each bit 



Bit? 

IPRB? 

Bite 

IPRB6 

Bits Bit 4 

IPRBS — 

Bits 

IPRBS 

Bit 2 
IPRB2 

Biti 

IPRB1 

Interrupt 

ITU 

ITU 

DMAC — 

SCI 

SCI 

AJD 

source 

chan¬ 

chan¬ 


chan¬ 

chan¬ 

con¬ 


nel 3 

nel 4 


nel 0 

nel 1 

verter 
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Appendix C I/O Port Block Diagrams 


C.l Port 1 Block Diagram 


Software 

standby Mode 6/7 



WP1D: Write to PI DDR 
WP1: Write to port 1 
RP1: Read port 1 
n = 0 to 7 


Figure C-1 Port 1 Block Diagram 
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Internal data bus (upper) 






C.2 Port 2 Block Diagram 



RP2P: ReadP2PCR 
WP2D: Write to P2DDR 
WP2: Write to port 2 
RP2: Read port 2 
n = 0 to 7 


Figure C-2 Port 2 Block Diagram 
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Internal address bus 






C.3 Port 3 Block Diagram 



WP3: Write to port 3 
RP3; Read port 3 


Ql 

Q. 

3 



n = 0 to 7 


Figure C-3 Port 3 Block Diagram 
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lal data 











C.4 Port 4 Block Diagram 


8 >bitbus 16-bit bus 
mode mode 

Mode Mode 
6/7 1 to5 



Write to external 
address 


Q D 

P4„PCR 


WP4P 

Reset 


Q D 

P4nDDR 


WP4D 

Reset 


Q D 

P4„DR 


Read external 
address 


WP4P: Write to P4PCR 
RP4P: ReadP4PCR 
WP4D: Write to P4DDR 
WP4: Write to port 4 
RP4: Read port 4 
n = 0 to 7 
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Internal data bus (upper) 






C.5 Port 5 Block Diagram 


Reset 



WP5P: Write to P5PCR 
RP5P: ReadPSPCR 
WP5D: Write to P5DDR 
WPS: Write to port 5 
RP5: Read port 5 
n = 0 to 3 


Figure C-5 Port 5 Block Diagram 
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Internal data bus (upper) 














C.6 Port 6 Block Diagrams 



Figure C-6 (a) Port 6 Block Diagram (Pin P6o) 
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Reset 



WP6D: Write to P6DDR 
WP6: Write to port 6 
RP6: Read port 6 


Figure C-6 (b) Port 6 Block Diagram (Pin P6i) 
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Figure C -6 (c) Port 6 Block Diagram (Pin P 62 ) 
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Software 

standby Mode &7 



WP6D: Write to P6DDR 
WP6: Write to port 6 
RP6: Read port 6 
n = 6 to 3 


Figure C -6 (d) Port 6 Block Diagram (Pins P 65 to P 63 ) 


AS output 
RD output 
HWR output 
LWR output 
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C.7 Port 7 Block Diagrams 




Figure C-7 (b) Port 7 Block Diagram (Pins P75 and P77) 
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C.8 Port 8 Block Diagrams 



WP8D: Write to P8DDR 
WP8: Write to port 8 
RP8: Read port 8 



Refresh 

controller 


Output 

enable 




Interrupt 

controller 
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Figure C-8 (b) Port 8 Block Diagram (Pins P8i, P82, P83) 
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Figure C-8 (c) Port 8 Block Diagram (Pin P84) 
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C.9 Port 9 Block Diagrams 



WP9D; Write to P9D0R 
WP9: Write to port 9 
RP9: Read port 9 
n = 0 and 1 


Figure C -9 (a) Port 9 Block Diagram (Pins P 9 o, P 9 i) 
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WP9: Write to port 9 
RP9: Read port 9 


n s 2 and 3 


Figure C -9 (b) Port 9 Block Diagram (Pins P92, P93) 
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Reset 

_L—. 

R 
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C.IO Port A Block Diagrams 



WPA: Write to port A 
RPA: Read port A 
n = 0 and 1 


Figure C -10 (a) Port A Block Diagram (Pins PAq^ PA^) 
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Reset 




WPAD: Write to PADDR 
WPA: Write to port A 
RPA: Read port A 
n = 2 and 3 


Output 

enable 

Compare 

match 

output 


Input 

capture 

Counter 

dock 

input 


Figure C -10 (b) Port A Block Diagram (Pins PA2, PA3) 
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RPA: Read port A 
n« 4to 7 


Figure C -10 (c) Port A Block Diagram (Pins PA4 to PA7) 
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C.ll Port B Block Diagrams 



WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 
n = 0 to 3 


Output trigger 
jTU 

Output enable 

Compare 
match output 


Input 

capture 


Figure C -11 (a) Port B Block Diagram (Pins PBq to PB3) 
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WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 
n = 4 and 5 


Figure C -11 (b) Port B Block Diagram (Pins PB4, PB5) 
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Figure C -11 (c) Port B Block Diagram (Pin PB^) 
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Figure C -11 (d) Port B Block Diagram (Pin PB7) 
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Appendix D Pin States 


D.l Port States in Each Mode 





Table D<1 Port States 






Pin 

Name Mode 

Reset 

Hardware 

Standby 

Mode 

Software 

Standby 

Mode 

Bus- 

Released 

Mode 

Program 
Execution, 
Sleep Mode 

0 - 

Cbck output 

T 

H 

Clock output 

Clock output 

RESO — 

T* 

T 

T 

T 

RESO 

PlytoPIo 1t0 4 

L 

T 

T 

T 

Ay to Aq 

5 

T 

T 

keep 

T 

Input port 
(DDR - 0) 




T 

T 

A7 to Aq 
(DDR = 1) 

6.7 

T 

T 

keep 

keep 

I/O port 

PZj to P2o 1 to 4 

L 

T 

T 

T 

Aisto Ag 

5 

T 

T 

keep 

T 

Input port 
(DDR = 0) 




T 

T 

Aisto Ag 
(DDR*1) 

6.7 

T 

T 

keep 

keep 

I/O port 

P37 to P3o 1 to 5 

T 

T 

T 

T 

Di 5 to Dg 

6.7 

T 

T 

keep 

keep 

I/O port 

P47 to P4o 1 to 5 8-bit bus 

T 

T 

keep 

keep 

I/O port 

16-bit bus 

T 

T 

T 

T 

Dy to Dq 

6.7 

T 

T 

keep 

keep 

I/O port 

Legend 

H: High 

L: Low 

T: High-impedance state 

keep: input pins are in the high-impedance state; output pins maintain their previous state. 


DDR: Data direction register bit 

Note: ♦ Low output only when WDT overflow causes a reset. 
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Table D -1 Port States (coot) 


Pin 

Name 

Mode 

Reset 

Hardware 

Standby 

Mode 

Software 

Standby 

Mode 

Bus- 

Released 

Mode 

Program 
Execution, 
Sleep Mode 

P 53 to P5 q 

1 to 4 

L 

T 

T 

T 

Aig to A-je 


5 

T 

T 

keep 

T 

Input port 
(DDR - 0) 





T 

T 

Aigto Ai 6 
(DDR- 1 ) 


6.7 

T 

T 

keep 

keep 

lAD port 

P 60 

1 to 7 

T 

T 

keep 

keep 

I/O port 

WAIT 

P 61 

1 to 5 

T 

T 

keep 

(BRLE = 0 ) 
T 

(BRLE = 1 ) 

T 

I/O port 
BREQ 


6,7 

T 

T 

keep 

keep 

I/O port 

P 62 

1 to 5 

T 

T 

keep 

(BRLE 0) 
H 

(BRLE = 1) 

L 

I/O port 
(BRLE . 0 ) 
or BACK 
(BRLE - 1 ) 


6.7 

T 

T 

keep 

keep 

I/O port 

P 6 g to P 63 

1 to 5 

H 

T 

T 

T 

a5,rd, 

HWR. LWR 


6,7 

T 

T 

keep 

keep 

I/O port 

P75toP7o 

1 to 7 

T 

T 

T 

T 

Input port 

P77, P76 

1 to 7 

T 

T 

T 

keep 

I/O port 

P 80 

1 to 5 

T 

T 

keep keep 

(RFSHE = 0) (RFSHE = 
RFSH H 

(RFSHE-1) (RFSHE- 

I/O port 

0) (RFSHE = 0) 
or RFSH 

1) (RFSHE-1) 


6.7 

T 

T 

keep 

keep 

I/O port 

Legend 

H: High 

L: Low 

T: High-impedance state 


keep: Input pins are in the high-impedance state; output pins maintain their previous state. 
DDR: Data direction register bit 
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Table D -1 Port States (cont) 


Pin 

Name 

Mode 

Reset 

Hardware 

Standby 

Mode 

Software 

Standby 

Mode 

Bus- 

Released 

Mode 

Program 
Execution, 
Sleep Mode 

P 83 to P 8 ^ 

1 to 4 

T 

T 

T 

(DDR = 0) 

H 

(DDR = 1) 

keep 

Input port 
(DDR - 0 )or 
OS 3 to OS^ 
(DDR - 1 ) 


6.7 

T 

T 

keep 

keep 

I/O port 

GO 

CL 

1 to 4 

L 

T 

T 

(DDR - 0 ) 

L 

(DDR.1) 

keep 

Input port 
(DDR - 0 ) 
or CSq 
(DDR - 1 ) 


5 

T 

T 

T 

(DDR - 0) 

L 

(DDR = 1 ) 

keep 

Input port 
(DDR - 0) 
or CSq 
(DDR - 1 ) 


6.7 

T 

T 

keep 

keep 

I/O port 

PQetoPQo 

1 to 7 

T 

T 

keep 

keep 

I/O port 

PA 3 to PAq 

1 to 7 

T 

T 

keep 

keep 

I/O port 

PAg to PA 4 

3.4 

T 

T 

I/O port*i 

lAD porf2 

A 23 , A 22 , A 21 

(A23E/A22E/ 
A 21 E- 0 )or 
I/O port 
(A23E/A22E/ 
A21E = 1 ) 


1.2.5,6.7 

T 

T 

keep 

keep 

I/O port 

PA 7 

3.4 

T 

T 

I/O port*^ 

I/O port*2 

A 20 


1.2.5,6.7 

T 

T 

keep 

keep 

I/O port 

PBy to PBq 

1 to 7 

T 

T 

keep 

keep 

I/O port 


Legend 
H: High 

L: Low 

T: High-impedance state 

keep: Input pins are in the high-impedance state; output pins maintain their previous state. 

DDR: Data direction register bit 

Notes: 1. The pin state depends on the DDR bit. 

2. The pin state depends on the ITU output enable and DDR bits. 
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D.2 Pin States at Reset 


Reset in Tj State: Figure D-1 is a timing diagram for the case in which RES goes low during the 
Ti state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.S state after the low level of RES is 
sampled. Sampling of RES takes place at the fall of the system clock (0). 


0 


RES 


Internal 
reset signal 


Address bus 


CSo 


_ _ V High impedance 

CS 3 to CSi )- — - 


AS - 

High 

RD (read access) - 

High 


HWR, LWR —- 

(write access) ^^'9^ 

High impedance 

Data bus -- 

(write access) 

V High impedance 

I/O port )- — - 


Figure D -1 Reset during Memory Access (Reset during Tj State) 


Access to external address 


To 


HJC 


\ 


H’OOOOOO 
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Reset in T2 State: Figure D -2 is a timing diagram for the case in which RES goes low during the 
T2 state of an external memcwy access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is 
sampled. The same timing s^plies when a reset occurs during a wait state (T^). 


0 


re5 


Access to external address 

Ti T2 T3 


Internal 
reset signal 

Address bus 

CS 3 to CS-j 

AS 



X 

)- 


X 


H'OOOOOO 


High impedance 


RD (read access) 


HWR. LWR 
(write access) 


Data bus 
(write access) 


I/O port 


High impedance 


High impedance 


Figure D -2 Reset during Memory Access (Reset during T2 State) 


727 





Reset in T3 State: Figure D *3 is a timing diagram for th e cas e in which RES goes low during the 
T3 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus outputs are held during the T3 state.The same timing applies when a reset 
occurs in the T2 state of an access cycle to a two-state-access area. 



Figure D -3 Reset during Memory Access (Reset during T3 State) 
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Appendix E Timing of Transition to and Recovery from 
Hardware Standby Mode 

Timing of IVansition to Hardware Standby Mode 

(1) To retain RAM contents with the RAME bit set to 1 in SYSCR, drive the RES signal low 10 
syste m cloc k cycles before the STBY signal goes low, as shown below. RES must remain low 
until STBY goes low (minimum delay from STBY low to RES high: 0 ns). 



(2) To retain RAM contents with the RAME bit cleared to 0 in SYSCR, or when RAM contents 
do not need to be retained, RES does not have to be driven low as in (1). 

Timing of Recovery from Hardware Standby Mode: Drive the RES signal low approximately 
100 ns before STBY goes high. 


STBY y' 




t = 100 ns 

lose 




_/ 

/- 

1 
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Appendix F Package Dimensions 

Figure F-1 shows the FP-IOOB package dimensions of the H8/3042 Series. Figure F-2 shows the 
TFP-IOOB package dimensions. 

Unit: mm 


16.0±0.3 



Figure F-1 Package Dimensions (FP-IOOB) 
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6.0±0.3 


16.0±0.3 



Wo.08l<Mil 



1 .0010.20 

X 

(0 

Z 



f>4 

0.50±0.10^ 


X 

<0 

Z 

<N 

O 



ml 

o 



Figure F-2 Package Dimensions (TFP-IOOB) 
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